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ABSTRACT
S u r g i c a l  m o d i f i c a t i o n s  w e r e  m a d e  w h i c h  p e r m i t t e d  t h e  s e p a r a t e  
CO LLE C TI ON  OF FECES AND U RINE FROM C H I C K EN S .  THE TECHNIQUES WERE R E F IN E D  
AND U T I L I Z E D  IN  A FUNDAMENTAL STUDY OF NITROGEN ME TAB OL ISM .
i T  WAS FOUND NECESSARY TO ADD BOR t C ACID AS A PRE S ER VAT IV E  TO THE 
U RI NE  AND FECES TO O B TA IN  Q U A N T I T A T I V E  RECOVERY OF N IT RO GE N.
T h e r e  w e r e  no  d i f f e r e n c e s  i n  t h e  r e s p o n s e  t o  t r e a t m e n t  a m o n g  n o r m a l
H ENS ,  HENS WITH E X T E R I O R I Z E D  RECTA,  AND HENS WITH E X T E R I O R I Z E D  URETERS.
He n s  w i t h  e x t e r i o r i z e d  r e c t a  w e r e  t h e  b i r d s  o f  c h o i c e  f o r  n u t r i t i o n a l
EXP ERI MENTS  BECAUSE EXCRETA FROM THESE HENS WERE E A S I E R  TO COLLECT.
I n  an  e x p e r i m e n t  w i t h  i s o - p r o t e i n  r a t i o n s  i t  w a s  f o u n d  THAT AS THE 
R A TIO N  ENERGY LEVEL DECREASED FROM 900 TO 800 CA LO R IES  PER POUND OF 
PRO DUC TIVE ENERGY, THE AMOUNT OF URINARY NITROGEN INCREASED,  THE PERCENT  
OF NITROGEN D IG E S T ED  DECREASED, AND THE FEED INTAKE DECREASED.  THERE WAS 
A CHANGE IN  THE URINARY NITROGEN E X C R ET IO N ;  THE U R I C  ACID NITROGEN EXCRETION  
IN C RE AS ED,  THE AMMONIA NITROGEN DECREASED,  THE UREA NITROGEN INCRE ASE D,
THE CREATINE NITROGEN REMAINED CONSTANT, AND THE AMINO ACI D NITROGEN WAS 
DECREASED S L I G H T L Y .
A STUDY WAS MADE IN WHICH THE HENS WERE ALLOWED TO EAT A L I M I T E D  
AMOUNT OF N O -P R O T E I N  D I E T  CALCULATED TO F U R N I S H  THE D A I L Y  ENERGY R EQ U I R E ­
MENT AND SUPPLEMENTED WITH D A I L Y  DECREASING INCREMENTS OF EXTRACTED WHOLE 
EGG (1 3 .7  TO ZERO P E R C E N T ) .  In T H I S  EXPERIMENT THE ABSORBED NITROGEN  
SHOWED A L IN E A R  DECREASE AS THE EGG P R O TE I N  WAS REDUCED. THE U R I C  A CI D
VI I I
AND AMMONIA NITROGEN DECREASED THROUGHOUT THE EXPERIMENT WITH A CHANGE I N  
THE D A I L Y  RATE OF DECREASE AFTER THE SEVENTH DAY ( 5 * 3  PERCENT SUPPLEMENTARY  
EGG p r o t e i n ) .  T h e  UREA NITROGEN EXCRETION DECREASES U N T I L  THE SEVENTH DAY ,  
PEAKED THE EIGHT H D A Y ,  AND DECREASED FROM THEN TO THE LAST DAY OF THE 
E X P E R I M E N T .
T h e  CREATINE EXC RETION DROPPED THE F I R S T  DAY OF D E P L E T I O N ,  INCREASED  
TO THE STA RTING VALUE THE EIGHT H D A Y,  AND DECREASED -ON THE F I R S T  DAY OF 
N O - P R O T E I N  F E E D I N G .  THROUGHOUT THE EXPERIMENT THE CREATINE EXCR ETIO N WAS 
E R R A TIC  AND IN D IC A T E D  THAT THE P R O T E I N  METABOLISM WAS CHANGING.
T h e  AMINO A C I D  NITROGEN AND UNKNOWN COMPO NE NT( l ) -  TENDED TO REMAIN  
CONSTANT.
THE URINARY CARBOHYDRATE E X C R E T I O N ,  AS MEASURED BY THE ANTHRONE 
METHOD,  INCREASED AS THE P R O T E I N  LEVEL DECREASED.  THE PEAK VAL U E,  ON THE 
F I R S T  DAY OF N O - P R O T E I N  F E E D I N G ,  (TWELFTH DAY OF T H E EXP E R I M E N T )  WAS
34-00  MGMS. AS COMPARED TO 2 5 0  MGMS. ON THE F I R S T  DAY OF THE STUDY.
A STUDY OF THE DATA OF BOTH EXPERIMENTS LEADS TO THE ADVANCEMENT OF 
TWO HYPOTHESES OF NITROGEN M E T A B O L IS M ,  NAMELY!
( 1 )  I T  IS NOT N EC ESS A RILY THE AMOUNT OF P R O TE I N  IN  A RA T IO N  BUT THE
R E L A T I O N S H I P  OF THE P R O T E I N  TO OTHER N U TR IE N TS  WHICH DET ERM INES
THE C H A R A C T E R I S T I C S  OF THE URINARY NITROGE& EXCRETI  ON.
( 2 )  I n  o r d e r  t o  c a l l  a U RIN E **NORMALw o n e  must- r i g  IDLY d e f i n e  a
" n o r m a l ”  D I E T .  I n  THESE RES PEC TS ,  NO EVIDE NCE  WAS FOUND WHICH
WOULD REFUTE THE CONCLUSIONS OF F o L I N ,  N E I T H E R  H I S  LAWS FOR THE
C OM POS IT IO N  OF UR IN E NOR H I S  THEORY OF ENDOGENOUS AND EXOGENOUS
NITROGEN ME TAB OL IS M.
IX
INTRODUCTION
F o r  y e a r s  s c i e n t i s t s  h a v e  b e e n  w o r k i n g  t o  i m p r o v e  t h e  p r o t e i n s
CONSUMED BY MAN AND ANIMALS.
Re c e n t  r e s e a r c h  at  t h e  L o u i s i a n a  S t a t e  Un i v e r s i t y  h a s  p r o d u c e d  a
VALUABLE RESEARCH TOOL FOR THOSE S C I E N T I S T S  WORKING WITH AVIAN S P E C I E S ,  
NAMELY, A SURGICAL PROCEDURE FOR THE SEPARATE COLLECTION OF FECES AND 
U R I N E .  Su c h  s u r g i c a l  PROCEDURES h a v e  BEEN USED BEFORE BUT SUCCESS WAS 
L I M I T E D  AND NO PROOF WAS OFFERED THAT THE SURGICALLY M O D I F I E D  BIRD  
RETAINED THE SAME METABOLIC AND PHY SIOLOGICAL CHARACTERISTICS AS WAS 
E X H I B I T E D  BEFORE SURGERY. THE SURGICAL PROCEDURES WERE DETERMINED AND 
WERE IN USE, BUT IT  WAS NECESSARY IN THE WORK PRESENTLY PRESENTED TO 
SHOW THAT SURGICALLY M O D I F I E D  HENS RESPONDED TO RAT I ON TREATMENT IN THE 
SAME MANNER AS T H E IR  NORMAL S IS TER S AND TO REFINE  THE TECHNIQUES FOR THE 
SEPARATE,  Q U A N T IT A T IV E  COLLECTION OF URINE AND FECES.
OF THE THREE EXPERIMENTS PRESENTED ONLY TWO WERE OF PARTICULAR  
VALUE OTHER THAN THE D E F I N I N G  OF COLLECTION TECHNIQUES.  THE F I R S T  OF 
THESE TWO EXPERIMENTS WAS TO DETERMINE THE EFFECT OF THE ENERGY LEVEL  
OF THE RATION ON THE NITROGEN COMPONENTS OF THE URINE AND THE SECOND 
EXPERIMENT WAS TO DETERMINE THE EFFECT OF THE PROTEIN LEVEL IN THE 
RATION ON THESE SAME NITROGEN COMPONENTS.
1
REVIEW OF LITERATURE 
V e r y  l i t t l e  w or k  h a s  b e e n  d o n e  o n  t h e  n i t r o g e n  c o m p o s i t i o n  o f  u r i n e s
WHICH INVOLVES ALL OF THE COMPONENTS AT ONE T I M E .  THE EARLY CLASSICAL  
WORK IN THE F I E L D  WAS DONE BY Dr .  OTTO F O L I N  ( 1 9 0 5  a ) .  H e ANALYZED T H I R T Y  
"NORMAL" HUMAN URINES FOR AMMONIA, UREA, UR IC A C I D ,  AND C R E A T IN IN E  
N IT R O G E N .  WITH a STANDARD D I E T  COMPOSED OF 1 1 9  GM. P R O T E I N ,  14.8 GM. F A T ,  
AND 2 2 5  GM. CARBOHYDRATE, HE FOUND THAT W I T H I N  A CLOSE D E V I A T I O N ,  THE 
I N D I V I D U A L  COMPONENTS OF THE URINE REPRESENTED THE SAME PERCENT OF URINARY  
NITROGEN EACH DAY FOR F I V E  DAYS.  T h e  V A R I A T I O N  FROM PERSON TO PERSON WAS 
S U R P R I S I N G L Y  SMALL.
Co n c e r n i n g  t h e  d i e t  h e  u s e d ,  F o l i n  h a d  t h i s  t o  s a y ;
" In  REGARD TO THE p r o t e i n ,  i t  c o r r e s p o n d s  ALMOST EXACTLY WITH  
THE VALUE DEMANDED BY VoiT FOR A MAN WEIGHING 7 0  KGM.}  AND SINCE  
FOUR OUT OF THE S I X  NORMAL PERSONS EXPERIMENTED UPON WEIGHED  
LESS THAN 7 0  KGM. AND THE OTHER TWO WEIGHED NO MORE THAN 7 0  K G M . ,
THE D I E T  MAY BE S A I D  TO BE L IB ER A L  RATHER THAN TOO SCANTY WITH  
RESPECT TO IT S  PR O TE IN  C O N TE N T.— '— w
 w | t  IS NOT MY IN T EN T IO N  TO DEVOTE ANY SPACE TO D IS C U S S I O N
OF THESE T H I R T Y  NORMAL U R I N E S ,  FOR THE VERY REASON THEY 
CORRESPOND SO CLOSELY TO WHAT WE HAVE BEEN ACCUSTOMED TO CONSIDER  
NORMAL."
F o l i n  ( 1 9 0 5 b ) e x t e n d e d  h i s  s t u d y  o f  u r i n e  s t i l l  f u r t h e r  b y  d e t e r m i n i n g
THE EFFECT OF "NON-STANDARD11 D I E T S .  H l S  STATEMENTS ON T H I S  ARE AS FOLLOWS
2
"•Th i s  p a p e r  i s  d e v o t e d  t o  a s t u d y  o f  h u m a n  u r i n e s  o b t a i n e d
FROM D I E T S  WHICH ARE AS D IF FE R EN T  FROM THE SO-CALLED STANDARDS 
OF D I E T  AS THEY COULD BE MADE, AND THE RESULTS ARE B E L IE V E D  TO 
FURNISH A MORE OR LESS NEW P O I N T  OF VIEW FROM WHICH TO EXAMINE  
THOSE STA NDA RDS.  - M
T h e  u r i n e  o f  Dr .  £ .  v a n  So m e r e n  w a s  o f  p a r t i c u l a r  i n t e r e s t .  Dr . v
SOMEREN ROUTINEL Y ATE A NON-STANDARD MI XED  D I E T  C O N SI ST I N G  LARGELY OF 
VEGETABLES,  BREAD, CRACKERS, CREAM, AND C A N D I E S .  D r .  VAN SOMEREN WAS 
INDUCED TO CHANGE H I S  D I E T  TO THE NITROGEN R IC H  D I E T  WHICH WAS USED IN  
THE PREVIOUS EXPERIMENT ( F o L I N  1 9 0 5 a ) „  AFTER TWO DAYS H I S  URINE (SHOWN 
IN  THE RIGH T COLUMN OF THE TABLE BELOW) BEGAN RESEMBLING THE "NORMAL8’ 
VALUES EVEN THOUGH HE COULD ONLY CONSUME ABOUT 5 0  PERCENT OF THE USUAL 
AMOUNT OF THE D I E T .
'“THE WIDE V A R IA T IO N S  IN  THE COMPOSIT ION OF Dr .  VAN SOMEREN’ S 
URI NE S  ARE C H I E F L Y  DUE TO THE TEMPORARY CHANGE IN D I E T  ON 
J a n u a r y  3 0  a n d  31 m e n t i o n e d  a b o v e . "
Du r i n g  t h e s e  two  d a y s  h e  l o s t  w e i g h t  b u t  u p o n  r e t u r n i n g  t o  h i s  o l d  d i e t  
HE BEGAN TO G A I N .
No r m a l Dr .  E . v .S .





U r e a  N. 66 .3  - 8 9 . 4 % 6 2 .0  - 80 .4 rfJo
Am m o n  I a N 3 .3  - 5.1 % 4 .2  - 11 .7 %
Kr e a t i n i n N. 3 .2  - 4 .5 a>/o 5 .5  - 1 1 . 1 %
U r i c  Ac i d N. 0 .5  - 1 .0 % 1 .2  - 2 .4 %
U n d e t e r m i NED N . 2 .7  - 5 .3 % 4 .8  - 14 .6 %
4 »Mt  m a y ,  t h e r e f o r e  be  p o s i t i v e l y  s t a t e d  as  a  p r i n c i p l e
IN t h e  c h e m i s t r y  o f  m e t a b o l i s m  t h a t  t h e  d i s t r i b u t i o n  o f  t h e
NITROGEN IN URINE AMONG UREA AND THE OTHER NITROGENOUS C O N ST I ­
TUENTS DEPENDS ON THE ABSOLUTE AMOUNT OF TOTAL NITROGEN PRESENT.**
I n t h i s  same p a p e r  F o l i n  r e p o r t e d  a f e e d i n g  t r i a l  w i t h  humans i n
WHICH HE FED a LOW P RO TE IN ,  ST ARCH AND CREAM D I E T  FOR SEVEN DAYS WITH A
t wo  d a y  r e t u r n  t o  t h e  p r o t e i n  r i c h  d i e t .  T h e  a m o u n t  o f  n i t r o g e n  i n  t h e
U R I N E  DECREASED D A I L Y .  THE UREA NITROGEN AS A PERCENTAGE OF URINARY  
NITROGEN DECREASED D A I L Y  AND THE PERCENTAGE OF AMMONIA, URIG A C I D ,  AND 
C R E A T I N I N E  NITROGEN INCREASED D A I L Y  WHILE THE SUBJECTS WERE ON THE LOW 
PR O TE IN  D I E T .  F O L I N  MADE THE FOLLOWING COMMENTS ON THE LATTER THREE 
NITROGEN COMPONENTS OF U R I N E :
 “ T h e  ABSOLUTE QUANTITY OF K R E A T I N I N  E L I M I N A T E D  IN THE
U R IN E  ON A ME AT-FREE D I E T  IS  A CONSTANT QU A NT ITY  D I F F E R E N T  FOR 
D IF F E R E N T  I N D I V  I D UALS.  BUT WHOLLY INDEPENDENT OF Q U A N T IT A T I V E  
CHANGES IN THE TOTAL AMOUNT OF NITROGEN E L I M I N A T E D . w
 * WhEN THE TOTAL AMOUNT £ F  PROTE I N-MET ABOL ISM JJ, GREATLY
REDUCED. THE ABSOLUTE QUANTITY OF UR IC ACID IS  D I M I N I S H E D .  BUT 
NOT NEARLY IN  PROPORT ION TO THE D I M I N U T I O N  JJJ THE TOTAL N IT R O G E N .
AND THE PERCENT OF THE UR IC ACI D N|TROGEN IN  TERMS OF THE TOTAL 
NITROGEN IS  THEREFORE MUCH INCREASED.**
" IVI T H PRONOUNCED D I M I N U T I O N  JJi THE PROTE IN METABOLISM ( AS 
SHOWN BY THE TOTAL NITROGEN JJi THE U R I N E ) ,  THERE IS  USUALL Y.
BUT NOT ALWAYS. AND THEREFORE NOT N E C E S S A R I LY .  A DECREASE IN 
-THE ABSOLUTE QUA NTIT Y £ F  AMMON I A E L I M I  NATED. A PRONOUNCED 
REDUCTION OF THE TOTAL NITROGEN I S . HOWEVER. ALVMYS ACCQMPAN I ED
5BY A R E L A T I V E  INCREASE IN  THE AMMON IA  N IT R O G E N . PRO VI DE D  THE 
FOOD i l  NOT SUCH AS TO Y I E L D  AN ALKALINE A S H .1*
F o l i n  t r e a t s  t h e  u n d e t e r m i n e d  n i t r o g e n  i n  t h e  f o l l o w i n g  m a n n e r :
 wJ L t £ . , .Th e  a b s o l u t e  q u a n t  i t v  o f  u n d e t e r m i n e d  n i t r o g e n
DECREASES UNDER THE INFLUENCE £ F  THE STARCH AND CREAM D I E T .
BUT IN PERCENT 0 £  THE TOTAL NITROGEN THERE J_S ALWAYS AN INCREASE.**
F o l i n  (1905c) u t i l i z e d  t h e s e  o b s e r v a t i o n s  t o  f o r m  “ a t h e o r y  o f  p r o t e i n  
m e t a b o l i s m ” .
" I t  i s  c l e a r  t h a t  t h e  l a s s  g o v e r n i n g  t h e  c o m p o s i t i o n  o f
URI NE REPRESENTED ONLY THE EFFECTS OF OTHER MORE FUNDAMENTAL 
LAWS GOVERNING THE KATABOLISM OF P R O TE I N  IN  THE ANIMAL ORGANISM.
F r o m  t h e  v a r i a t i o n s  i n  t h e  p e r c e n t a g e  c o m p o s i t i o n  o f  u r i n e
DESCRIBED BY THE ABOVE G E N E R A L I Z A T I O N S ,  IT  WOULD SEEM THEREFORE 
THAT SOME CONCLUSION MIGHT BE DRAWN IN REGARD TO THE NATURE 
OF P R O TE IN  M E T A B O L I S M .  —K
----------- l , l T  IS  CLEAR THAT THE METABOLIC PROCESSES R ESU LTIN G IN
THE PRODUCTS WHICH TEND TO BE CONSTANT IN QUANTITY APPEAR TO 
BE IN D IS PE N SA B LE  FOR THE C O NTI NUA TI ON  OF L I F E j  OR,  TO BE MORE 
D E F I N I T E ,  THOSE METABOLIC PROCESSES PROBABLY CONSTITUTE AN 
E S S E N T I A L  PART OF THE A C T I V I T Y  WHICH D I S T I N G U I S H E S  L I V I N G  CELLS  
FROM DEAD ONES.  I WOULD THEREFORE CALL THE PR O TE IN  METABOLISM  
WHICH TENDS TO BE CONSTANT, T IS S U E  METABOLISM OR ENDOGENOUS 
ME TAB OLIS M,  AND THE OTHER,  THE VARIABLE PR O TE IN  ME TAB OLIS M,  I 
WOULD CALL THE EXOGENOUS OR IN TER MEDIA TE M E T A B O L IS M .”
 “ THE ENDOGENOUS METABOLISM SETS A L I M I T  TO THE LOWEST
6LEVEL OF NITROGEN E Q U I L I B R I U M  A T T A I N A B L E . "
F o l i n  a l s o  a d v a n c e d  t h e  t h e o r y  t h a t  p r o t e i n  c a n  be  s t o r e d  a n d  t h a t
PLASMA NITROGEN IS A STORAGE P O I N T  FOR NITRO GE N,
M i t c h e l l  (1924.) s a s e d  h i s  r e f i n e m e n t  o f  t h e  T h o m a s  t e c h n i q u e  f o r
d e t e r m i n i n g  t h e  b i o l o g i c a l  v a l u e  o f  p r o t e i n  u p o n  t h e  t h e o r y  o f  F o l i n ,
H i s  b a s e - l i n e  u r i n a r y  n i t r o g e n  v a l u e  was  t h e  e n d o g e n o u s  n i t r o g e n  e x c r e t i o n
D E F IN E D  BY F O L I N .  H e  ALSO DISCOVERED THAT:
" t h e  " m e t a b o l i c  n i t r o g e n " o f  t h e  f e c e s  o n  a p r o t e i n -  
c o n t a i n i n g  D I E T  IS  RELATED TO THE AMOUNT OF FOOD CONSUMED, AND 
MAY BE MEASURED BY THE TOTAL EXCRETION OF FECAL NITROGEN ON A 
NITRO GEN-FR EE  D I E T .  THE LATTER MAY BE USED WITH THE MOST C O N F I ­
DENCE WHEN THE ROUGHAGE CONTENT OF THE NITR O GE N- FR EE  D I E T  
APPROXIMATES THAT OF THE P R O T E I N - C O N T A I N I N G  D I E T . "
M i t c h e l l  f o u n d  t h a t  e n d o g e n o u s  u r i n a r y  n i t r o g e n  e x c r e t i o n  r e m a i n e d
VERY STABLE AFTER RATS HAD BEEN ON A NIT RO GE N- FR E E D I E T  FOR ABOUT A WEEK.
WANG.ET AL.  (1930) STU D IE D  THE INFLUENCE OF THE PR O TE IN  LEVEL ON 
THE BASAL METABOLISM AND BLOOD AND URINE CHEMISTRY ON S I X  NORMAL WOMEN 
VARYING IN  AGE FROM 17 TO 36 YEARS.  "THE SUBJECTS R EC EIV ED  FOR F I V E  WEEKS 
A HIG H P R O TE IN  D I E T  CONTAINING TWO GM. P R O T E I N ,  AND S U F F I C I E N T  CARBOHY­
DRATE AND FAT TO MAKE 4-0 C A L O R IE S ,  PER K I L O .  OF BODY WE IG HT .  The PR O TE IN  
LEVEL WAS REDUCED WITH CALORIC LEVEL HELD AT 4-0 FOR A P ER IO D  OF THREE 
WEEKS AT WHICH T IM E  THE P R O TE IN  INTAKE WAS 0 .6  GM. PER D A Y .  THE SUBJECTS  
WERE ALLOWED TO CHOOSE T H E IR  OWN FOOD FOR TWO WEEKS. NO MARKED DIFFERENC E  
WAS FOUND IN THE BASAL METABOLIC RATE OF THE SUBJECTS DURING THE THREE 
P E R I O D S .
“ As WAS EXPECTED,  THE TOTAL URINARY N IT RO GE N,  UREA N IT R O G EN ,  
AMMONIA N IT RO GE N,  UR IC ACID AND CREATINE V A R IE D  D IR EC T LY  WITH  
THE P R O TE I N  IN T A K E .  C R EA TIN IN E  REMAINED CONSTANT THROUGHOUT 
THE I N V E S T I G A T I O N , "
S m u t s  ( 1 9 3 5 )  s t u d i e d  t h e  p o s s i b l e  r e l a t i o n s h i p  o f  b a s a l  m e t a b o l i c
RATE AND ENDOGENOUS NITROGEN E XC R E T IO N .  i iORKING WITH GU IN E A  P I G S ,  M I C E ,  
RAB BITS AND P I G S ,  HE FOUND A R EL A TI O N SH IP  BETWEEN 3!ui R ,  C R E A T I N I N E  EXCRE­
T I O N ,  AND PR O TE IN  REQUIREMENT FOR MAINTENANCE.  ACCORDING TO SMUTS THE 
PR O TE I N  REQUIREMENT FOR MAINTENANCE MAY BE EST IMATE D AS FOLLOWS 2
P = .88M •734
P =  A b s o l u t e  p r o t e i n  r e q u i r e m e n t  f o r  m a i n t e n a n c e  i n  g r a m s .
M =  Bo d y  m a s s  i n  k i l o g r a m s .
Mu r l i n  EX a l .  ( 1 9 4 & )  c o r r e l a t e d  b i o l o g i c a l  v a l u e s  o f  p r o t e i n s  a n d
THE PERCENT C R E A T I N I N E  NITROGEN IN THE URINE OF MATURE MALES.  THERE WAS 
A HIGH CORRELATION IN ALL INSTANCES ( r =  0 . 9 7 2 ) .  THE VARIOUS TEST 
P RO TE IN S  WERE FED AT A LOW ENOUGH LEVEL TO PRODUCE A NEGATIV E NITROGEN  
BALANCE.
ScHOENHEIMER ET AL.  ( 1 9 3 9 )  ATTACKED THE F O L I N  THEORY OF PR O TE IN  
MET ABO LISM ,  THEY USED AMINO ACIDS LABELED WITH THE HEAVY ISOTOPE OF 
NITROGEN AND FOUND THAT SOME 5 7  PERCENT OF THE LABELED NITROGEN OF LEUCINE  
REMAINED IN RAT P R O TE I N  AFTER A THREE DAY FEED ING  T R I A L .  ONLY 2 7 . 6  
PERCENT WAS EXCRETED IN THE URINE DURING THE P E R I O D .  T h e  ISOTOPE APPEARED 
IN PR O TE IN  AMINO ACIDS OTHER THAN L E U C I N E .  L Y S I N E  CONTAINED VERY L I T T L E  
OF THE LABELED NITRO GE N.  T H I S  WORK SHOWED CLEARLY THAT THE NITROGEN  
W I T H I N  THE BODY WAS IN  A DYNAMIC STATE AND PRO TE IN S  WERE BEING CONSTANTLY
8B U I L T  AND DEGRADED,
Co n c e r n i n g  e n d o g e n o u s  a n d  e x o g e n o u s  m e t a b o l i s m  t h e y  w r o t e :
111 T I S  SCARCELY P OSS I  BLE TO R ECONCI LE  OUR F I N D I  NGS WI TH  
ANY THEORY WHICH REO UI RE S A D I S T I N C T I O N  BETWEEN THESE TWO TYPES  
S L  N I T R O G E N .  iS
Bu r r o u g h s  e j  a l .  (194-0) r e e m p h a s i z e d  t h e  c o n s t a n c y  o f  t h e  e n d o g e n o u s
N ITROGEN  EXC RET ION AS T H E O R IZ E D  BY F O L I N .  ADDED AMINO A C I D  M I XT U R E S  AND 
EGG P R O T E I N ,  AT LOW L E V E L S ,  D I D  NOT VARY U RI NAR Y NITRO GE N  E XC R ET IO N  AS 
COMPARED TO TWO P E R IO D S  OF F E E D IN G  A N I T R O G E N - F R E E  D I E T  (BEFORE AND A F T E R ) .
M i t c h e l l  ( 1 9 5 5 )  p r o v i d e d  m o r e  e x p e r i m e n t a l  e v i d e n c e  t o  s u p p o r t  t h e  
F o l i n  t h e o r y ,  A v e r y  g o o d  s u m m a t i o n  o f  h i s  w o r k  a n d  c o n c l u s i o n s  a p p e a r
IN  THE FOLLOWING QUOTE:
“ E v i d e n c e  h a s  b e e n  p r e s e n t e d  f r o m  e x p e r i m e n t s  o n  g r o w i n g
RATS AND GROWING P I G S  R E C E I V I N G  D I F F E R E N T  D I E T A R Y  P R O T E I N S  OF 
H IG H  N U T R I T I O N A L  VALUE AT D I F F E R E N T  LEVELS OF INTAKE TO THE  
EFFE CT THAT ( 1 )  THE U RI NAR Y NITRO GE N  OUTPUT OF A NORMAL ANIMAL  
ON A P R A C T I C A L L Y  N IT R O G E N - F R E E  D I E T  IS  NOT N E C E S S A R I LY  DEPRESSED  
BY THE I N G E S T I O N  OF D I E T A R Y  P R O T E I N  OR D I E T A R Y  M E T H I O N I N E .  UNDER 
C E R T A I N  C O N D I T I O N S ,  APPARENTLY A SS O C IA TED  WI TH  AN ACCELERATED  
ENDOGENOUS NITRO GEN  M E T A B O L IS M ,  SUCH A DEP R ES SIO N  HAS BEEN 
R EP OR TED ,  IT ALSO SHOWS THAT (2 )  A CONSTANT FR A C T IO N  OF THE 
ABSORBED NITRO GEN  ABOVE THE NITROGEN OUTPUT ON A N I T R O G E N - F R E E  D I E T  
I S  R E T A I N E D  IN  THE BODY OF THE GROWING A N I M A L ,  I M P L Y I N G  THAT THE 
ENDOGENOUS OUTPUT OF U RI NA RY  NITRO GEN  CONTINUES AT A CONSTANT  
LEVEL THROUGHOUT SUBSEQUENT P E R IO D S  OF IN C R E A S IN G  P R O T E I N  I N T A K E .
9T h e  e x p e r i m e n t a l  e v i d e n c e  p r e s e n t e d ,  o r  c i t e d ,  i n  t h i s  p a p e r ,
EST A BL IS H ES  CLEARLY THE V A L I D I T Y  OF F O L I N ' S  CONCEPT OF DICHOTOMY  
IN  PR O TE IN  METABOLISM INTO ENDOGENOUS AND EXOGENOUS T Y P E S .  No  
WELL DEMONSTRATED F I N D I N G S  IN THE AREA OF P R O T E I N  METABOLISM HAVE 
BEEN FOUND CONTRADICTORY TO T H I S  CONCEPT; ON THE CONTRARY MANY ARE 
BEST EXP LAINED ON T H I S  B A S I S .  RECENT RESEARCH WITH ISOTOPE TRACERS 
HAS C L A R I F I E D  THE NATURE OF THESE DICHOTOMIC E N T I T I E S  WITHOUT  
DESTROYING T H E IR  I DENT I T I E S . 1*1
T h e  OBSERVED FACTS HAVE EMPHASIZED THE IMPORTANCE OF C R E A T I N I N E  AS A 
B IO LO G IC A L  CONSTANT, AND AS SUCH MIGHT BE USEFUL IN OTHER S T U D IE S  ON PRO­
T E I N  ME TAB OLIS M.
MU RL IN  ET jAL. (1953) S TU D IE D  THE CORRELATION BETWEEN BIO LO GI CA L VALUE 
OF P R O T E I N  AND THE PERCENT OF C R E A T I N I N E  NITROGEN IN THE UR IN E OF TWO DOGS.  
T h e  CORRELATION BETWEEN BIO LO GI CA L VALUE AND THE PERCENT C R E A T I N I N E  NITROGEN  
WAS H IG H  (0 .988  AND 0 .94 ,6 ).
A l l i s o n  a n d  L e o n a r d  (194.1) d e t e r m i n e d  t h e  e f f e c t s  o f  e s t r o g e n  a n d
THYROIDECTOMY ON THE EXCRETION OF CREATINE AND C R E A T I N I N E  IN  FEMALE RATS.
T h e y  c o m p a r e d  u r i n e  c o m p o s i t i o n  o f  n o r m a l ,  c a s t r a t e ,  a n d  t h y r o i d e c t o m i z e d
R ATS.
W i t h i n  e a c h  g r o u p ,  c r e a t i n i n e  e x c r e t i o n  r e m a i n e d  c o n s t a n t .  T h e r e  w a s
NO APPARENT EFFECT OF t h e  ESTROUS CYCLE ON THE EXCRETION OF C R E A T I N I N E .
Co m p a r e d  t o  n o r m a l  r a t s ,  c a s t r a t i o n  l o w e r e d  t h e  c r e a t i n i n e  e x c r e t i o n
S L I G H T L Y  AND THYROIDECTOMY LOWERED THE EXCRETION MARKEDLY. THE A D M I N I S ­
TRATION  OF ESTROGEN HAD NO EFFECT ON THE C R E A T I N I N E  EXCRETION OF THE 
THYR OIDE CTOMIZ ED  RAT S,  HOWEVER, I T  INCREASED THE C R E A T I N I N E  EXCRETION OF 
THE CASTRATE A N IM AL S .
1 0
Be c a u s e  o f  t h e  a n a t o m y  o f  t h e  f o w l ,  o n l y  l i m i t e d  s t u d i e s  h a v e  b e e n
CONDUCTED ON THE URINA RY NITROGEN COMPONENTS OF THE AVIAN S P E C I E S .  SHARPE  
( 1 9 1 2 )  CANNULATED THE URETERS OF ANESTH E TI ZE D  HENS AND MADE CER TAI N  
D I U R E T I C  S T U D I E S .  THESE HENS WERE M A I N T A I N E D  ON A D I E T  OF OATS AND WATER.  
H i S  CONCLUSIONS WERE:
” THE UR IN E OF HENS 13 USUALLY ABUNDANT AND CLEAR AS IT  
LEAVES THE U RE TER S,  AND I T S  WATER CONTENT MUST BE LARGELY  
REABSORBED FROM THE BOWEL. THE ORDINARY D I U R E T I C S  PRODUCE 
INCREASES IN U R IN E  FLOW S I M I L A R  TO THAT FOUND IN  OTHER A N I M A L S . "
S h a r p e  d e t e r m i n e d  t h a t  3 0  p e r c e n t  o f  t h e  u r i n a r y  n i t r o g e n  w a s  u r i c
A CI D  NITROGEN AND 5 .6  PERCENT WAS AMMONIA N IT RO GE N.
D A V I S  (1927) COLLECTED UR IN E FROM A N E S TH E TI ZE D  HENS BY MEANS OF A
CATHETER PLACED IN THE URODEUM NEAR THE OPENINGS OF THE URETER S.  T h e
AVERAGE P A R T I T I O N  OF THE NITROGEN COMPONENTS APPEAR IN  THE FOLLOWING TA B LE.
N i t r o g e n  c o n s t i t u e n t s  i n  1 0 0  c c  o r  h e n  u r i n e
T o t a l  Ur i c  Ac i d  Ur e a  Am m o n i a  Cr e a t i n e -  Un d e t e r -  
N , m g .  N . m g .  N . m g .  N . m g .  C r e a t i n i n e  m i n e d  N .
N . m g ,  m g .
100 6 2 .9  1 0 .4  17 .3  8 .0  1 .4
D a v i s  a l s o  d e t e r m i n e d  t h a t  a n e s t h e s i a  i n c r e a s e d  u r i n e  f l o w .
Co u l s o n  a n d  Hu g h e s  ( 1 9 3 0 )  u s e d  t h e  m e t h o d  o f  D a v i s  t o  c o l l e c t  u r i n e
FROM HENS IN AN ATTEMPT TO ARRIVE AT A CONSTANT WHICH WOULD 8E USEFUL IN  
THE D E T E R M IN A T IO N  OF THE B IO LO G IC A L  VALUE OF P R O TE I N S  FOR C H I C K E N S .  THEY  
DETERM INED  UREA BY THE METHOD OF F O L I N  AND YOUNGBERG, AMMONIA BY THE F O L I N
a n d  Be l l  P e r m u t i t e  m e t h o d ,  u r i c  a c i d  b y  t h e  F o l i n  a n d  Wu s i l v e r  l a c t a t e
METHOD AND ALLANT I ON BY THE HARDING AND YOUNG METHOD. ACCORDING TO T H I S  
STUDY THE PERCENTAGE C OMP OSI T ION  OF THE URINARY NITROGEN WAS URIC ACI D
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N IT RO GE N,  6 5 . BO PERCENT,  PURINE  (OTHER THAN UR IG A C I D )  N IT ROGEN,  9 . 5 7  
PERCENT,  UREA NITROGEN,  6 . 4 5  PERCENT,  AMMONIA NITROGEN,  7 . 5 8  PERCENT,  
CREATINE AND C R EA TIN IN E  NITROGEN,  4 . 5 6  PERCENT,  AND POS SIB LE ALLANT I ON 
N ITRO GEN,  3 . 8 3  PERCENT,  THE ALLANTION NITROGEN WAS L I S T E D  A MP O S S IB LE W 
BECAUSE THE METHOD WAS NOT S P E C I F I C .
S t .  J o h n  e t  .a l .  ( 1 9 3 2 )  d e t e r m i n e d  t h e  b i o l o g i c a l  v a l u e  o f  s o m e
PROTEINS IN NORMAL CHICKENS BY USING A CHEMICAL METHOD OF SEPARATING THE 
AMMONIA AND URIC ACID NITROGEN FROM THE OTHER NITROGEN IN  THE DROPPINGS.
T h e y  m u l t i p l i e d  t h e  n i t r o g e n  i n  t h e s e  c o m p o n e n t s  by t h e  f a c t o r  1 . 25 ,  b a s e d
ON THE PAPER OF COULSON AND HUGHES. BECAUSE OF THE D | " F I C U L T Y  IN  CHEMICALLY  
SEPARATING URINE AND FECES AND BECAUSE OF THE TEDIOUS CHEMICAL PROCEDURES,  
T H I S  METHOD WAS NOT WIDELY USED.
IN THE P A S T ,  SURGICAL PROCEDURES TO ESTABLISH SEPARATE EXTERIOR
OPENINGS FOR THE GAS TR OI NT E STI NA L  AND THE URINARY TRACTS WERE NOT POPULAR 
BECAUSE IT  WAS D I F F I C U L T  TO M A IN T A I N  SUCH BIRDS IN A GOOD STATE OF HEALTH.
Th i s  was b e l i e v e d  t o  be due  t o  t h e  f a c t  t h a t  b i r d s  a b s o r b e d  u r i n a r y  w a t e r
IN  THE CLOACA AND THE RECTUM. THE EVIDENCE FROM THE C AT HET ERI ZAT ION  
EXPERIMENTS HAD IND IC AT ED  THAT HENS EXCRETED UP TO 1 0 0 0  MLS.  OF URINE PER 
2 4  HOURS AND THAT A GREAT DEAL OF THE WATER WAS REABSORBED.
He s t e r  e t  m . .  ( 1 9 4 0 )  u s e d  v a r i o u s  c a t h e t e r i z a t i o n  t e c h n i q u e s  and
E X T E R I O R IZ E D  THE URETERS OF SOME HENS. THEY FOUND THAT URINE EXCRETION  
FROM THE SURGICALLY M O D I F I E D  HENS SELDOM EXCEEDED 1 2 5  ML.  T H I S  CAST DOUBT 
ON THE THEORY THAT WATER WAS ABSORBED IN THE CLOACA.
H a r t  and Es s e x  ( 1 9 4 2 )  p e r f o r m e d  t wo  t y p e s  o f  s u r g e r y ,  t h e  e x t e r i o r ­
i z a t i o n  OF THE URETERS AND A R T I F I C I A L  ANUS. THEY WORKED WITH URINE EXCRETION  
AND WATER BALANCE. THEY ALSO MADE A FEW URI C ACID DETERMINATIONS BUT D I D
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NOT WORK WITH THE OTHER NITROGEN C O N ST IT U EN TS.  T H E I R  WORK FURTHER 
IN D IC A T E D  THAT THERE WAS NO WATER REABSORPTION IN THE CLOACA. THEY  
FOUND I T  WAS NECESSARY TO INCLUDE ONE PERCENT SALT IN  THE RATION OF 
SURGICALLY M O D I F I E D  HENS TO PREVENT DEHYDRATION.  B lRDS NOT R E C E IV IN G  
ONE PERCENT SALT HAD ALL THE SYMPTOMS OF DEHYDRATION ( h EMO CONCENTRATION,  
LOSS OF BODY W E IG H T ,  INCREASED WATER CONSUMPTION,  E T C . ) .
D i x o n  an d  W i l k i n s o n  ( 1 9 5 7 )  p u b l i s h e d  a s u r g i c a l  t e c h n i q u e  f o r  t h e
E X T E R I O R I Z A T I O N  OF THE URETERS WHICH WAS FOLLOWED BY GOOD L I V E A B I L I T Y  
OF THE M O D I F I E D  B IR D S .  MANY OF THESE BIRDS CONTINUED TO LAY AFTER SURGERY.  
T h e  d i e t  FED THE SURGICALLY M O D I F I E D  h e n s  c o n t a i n e d  o n e  p e r c e n t  s a l t .
D i x o n  ( 1 9 5 8 )  i n v e s t i g a t e d  u r i n a r y  w a t e r  r e a b s o r p t i o n  i n  t h e  c l o a c a
BY COMPARING THE WATER EXCRETION OF EACH BIRD BEFORE AND AFTER SURGICAL  
M O D I F I C A T I O N .  H e  USED THE TWO TYPES OF SURGICAL M O D I F I C A T I O N S  ( e x t e r ­
i o r i z e d  URETERS AND E X T E R I O R I Z E D  RECTA) AND SHOWED THERE WAS NO WATER 
REABSORPTION FROM THE CLOACA UNDER THE CON DI T IO N S OF THE EXP ERI ME NT .
T h e  f e e d  u s e d  i n  t h e  e x p e r i m e n t s  c o n t a i n e d  o n e  p e r c e n t  s a l t .  T h e  n i t r o g e n
BALANCE DATA FROM T H I SS T U D Y  IS  REPORTED IN THE EXPERIMENTAL SEC TIO N OF T H I S  
D I S S E R T A T I O N .
NEWBERNE £ T  AL.  (1957) P UB LIS HE D  a SURGICAL METHOD FOR THE SEPARATE 
COLLECTION OF FECES AND URINE IN GROWING C HI CK EN S.  THE SURGICAL TECHNIQUE  
INVOLVED WAS THE E X T E R I O R I Z A T I O N  OF THE URETERS.  THE COLLECTION OF URI NE  
WAS MADE IN A RUBBER BALLOON AND THE FECES WAS COLLECTED IN A P L A S T I C  BAG.
T h i s  m e t h o d  o f  c o l l e c t i o n  was u s e d  by  L a e r d a l  e t  a l .  ( 1 9 5 7 ) ,  i n
S TU D IE S  DESIGNED TO DEVELOP A D IR EC T  METHOD FOR THE DETERM IN AT IO N  OF 
D I G E S T I B I L I T Y  IN  GROWING CH IC K EN S.  THEY FOUND THE NITROGEN RET ENTION ON 
A 35 PERCENT CASEIN P U R I F I E D  D I E T  TO BE 32.1 PERCENT.  THE A D D IT IO N  OF
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1 . 5  PERCENT A R G I N I N E  HYDROCHLORIDE INCREASED THE NITROGEN R ET E N T IO N  TO 
4 0 . 8  PERCEN T.  THE S U B S T I T U T I O N  OF G E L A T I N  FOR 1 0  PERCENT OF THE C A SE IN  
INCREASED THE NITROGEN RET ENT ION  TO THE H IGH EST  LEVEL O B T A I N E D ,  4 5 . 6  PERCENT;.  
A D I E T  C O N TA IN IN G  3 5  PERCENT L I V E R  P R O T E I N  GAVE THEM A NITROGEN R E TE N T IO N  
OF 3 9 . 7  PERCENT AND ON A P R A C T I C A L  2 2  PERCENT P R O T E I N  R A T IO N  THE NITROGEN  
R ET E N T IO N  WAS 3 8 . 9  PER C EN T.  THE ENDOGENOUS NITROGEN AND METABOLIC FECAL  
NITROGEN WERE E ST I M A T E D  ON A NITROGEN FREE D I E T .  THE VALUE FOR ENDOGENOUS 
NITROGEN WAS 3 8 5  MG. PER KG. OF BODY WEIGHT AND THE VALUE FOR THE METABOLIC  
FECAL NITROGEN WAS 551  MG. PER KG, OF FEED CONSUMED.
Ar IY OSH I  AND MORIMOTO ( 1 9 5 6 )  P U B L IS H E D  A METHOD FOR THE SEPARATE  
COLLEC TION  OF UR IN E AND FECES FROM MATURE BIRDS US IN G AN E X T E R I O R I Z E D  
RECTUM O P E R A T IO N .  THEY FOUND THAT A CANNULA INSERTED IN THE ANAL OPEN­
ING WOULD ALLOW NORMAL EXCRETION OF FECES FROM BIR DS FED A L O W -F I B E R  
P U R I F I E D  D I E T  OR S E M I P U R I F I E D  D I E T .  T H E I R  D I E T S  CONTAINED ONE PERCENT  
SALT AND NO P O L Y U R IA  WAS OBSERVED.  THEY A PP L IE D  SOME Q U A L I T A T I V E  
CHEMICAL TESTS TO THE U R IN ES COLLECTED BUT REPORTED NO Q U A N T I T A T I V E  
ANA LY T IC AL  DATA FOR THE VARIOUS  NITROGEN COMPONENTS.
Ar IYO SH I  ( 1 9 5 7 )  REPORTED FURTHER ON THESE S T U D I E S  IN  WHICH HE 
ASSESSED THE P R O T E I N  REQUIREMENT FOR M A I N T E N A N C E  OF MAGQYA S T R A I N  COCKS 
AND CAPONS. H e CAME TO THE FOLLOWING CONCLUSIONS:
“ ( 1 )  T h e  m i n i m u m  e n d o g e n o u s  n i t r o g e n  i n  t h e  u r i n e  was  
0 . 65+  0 * 0 5  MG. PER 0 . 7 5  POWER OF BODY WEIGHT IN  
GRAMS.
( 2 )  E s t i m a t i o n  o f  t h e  b i o l o g i c a l  v a l u e  o f  f e e d  p r o t e i n
IS  Q U IT E  P O S S I B L E ,  US IN G BIRDS WITH A R T I F I C I A L  AN I .
( 3 )  T h e  b i o l o g i c a l  v a l u e  o f  t h e  p r o t e i n  i n  l a b o r a t o r y
PRE PAR ED,  D R I E D ,  WHOLE EGG POWDER WAS E S T I M A T E D  AS 
1 0 0  PERCENT IN ADULT B I R D S .
(4.) The  m o s t  f a v o r a b l e  a m i n o  a c i d  b a l a n c e  f o r  t h e  m a i n ­
t e n a n c e  OF a d u l t  b i r d s  may be t h a t  o f  w h o l e  e g g  p r o t e i n .
( 5 )  T h e  p r o t e i n  r e q u i r e m e n t  f o r  t h e  d a i l y  m a i n t e n a n c e  o f  t h e
a d u l t  b i r d s  w h i c h  h a v e  l i g h t e r  b o d y  w e i g h t s  t h a n  
2 . 3  KG.  MAY BE LOWER THAN 1 . 8  GM. (AS IDEAL P R O T E I N
OF 1 0 0  PERCENT TRUE D I G E S T I B I L I T Y  AND B I O L O G I C A L  V A L U E ) . B
T h e s e  c o l l e c t i o n  t r i a l s  i n v o l v e d  a s  m a n y  a s  t h r e e ,  e i g h t  t o  1 4  d a y
TE ST P E R IO D S  RUN S E R I A L L Y  IN  WHICH L O W -P R O T E IN  AND N O N - P R O T E I N  R ATIO NS WERE 
F E D .  A P E R I O D  OF ABOUT TWO MONTHS ON LOW -P R O T E IN  D I E T S  WAS REQ UI RE D  FOR 
THE URI NA RY  NITROGEN LEVEL TO REACH A UNIFORM M I N I M U M .  A CONSIDERABLE  
WEIGHT LOSS FOR SEVERAL OF THE B IR DS  WAS EXP ERIE NCED DURIN G T H I S  S E R I E S  
OF T R I A L S .  Af t e r  a S E R I E S  o f  SEVEN C O LLE C TI O N  P E R IO D S  SEPARATED BY VARI O US  
LENGTHS OF T I M E ,  HE INCREASED THE P R O T E I N  ALLOWANCE AND OVER A P E R I O D  OF 
4 3  DAYS SOME OF H I S  BIRDS GA IN E D  A GREAT DEAL OF WEIGHT (V A R Y IN G  FROM 2 0 0  
TO 1 0 0 0  GMS.  PER B I R D ) .  A STUDY OF THE DATA PRESENTED IN THE PAPER SUGGESTS  
THAT THE LONG I N T E R I M  ON LOW AND N O N - P R O T E I N  R ATIO NS BROUGHT ABOUT THE 
ADA PTA TION  TO A LOW R A T IO N  P R O T E I N  LEVEL IN SOME BIR DS AND NOT IN OT HER S.
S h a r p e ,  D a v i s ,  a n d  Co u l s o n  a n d  H u g h e s  ( l o c .  c i t . )  r e p o r t e d  u r i c  a c i d
N IT RO G EN  ACCOUNTED FOR THE MAJOR PERCENTAGE OF THE U RI NAR Y NIT ROGEN OF 
C H I C K E N S .
T h e  l i v e r  o f  CH ICKENS a n d  p i g e o n s  p r o d u c e  h y p o x a n t h i n e  WHICH I S  THEN  
O X I D I Z E D  TO U R I C  A C I D  IN THE L I V E R S  OF CHI CKENS AND K ID N E Y S  OF PIGEONS
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(Krebs 1 9 3 6 ) .  T e e k e l l  (1958) showed t h a t  t h e  k i d n e y s  or c h i c k e n s
E X H I B I T  HIGH XANTHINE OXIDASE A C T I V I T Y .
Ac c o r d i n g  t o  t h e  c o m b i n e d  i s o t o p i c  s t u d i e s  o f  So n n e  e t  a l .  ( 1 9 4 - 9 ) ,  
Bu c h a n a n  ( 1 9 5 1 )  a n d  El w i n  a n d  S p r i n s o n  ( 1 9 5 0 ) ;  t h e  c a r b o n s  o r  u r i c  a c i d
COME FROM C02 , G L Y C I N E ,  AND FORMATE AND THE NITROGEN COMES FROM THE 
METABOLIC POOL AND FROM G L Y C I N E .
She m in  and R i t t e n b e r g  ( 1 9 4 7 )  SHOWED t h a t  PURINE s y n t h e s i s  IN MAMMALS 
INVOLVED THE SAME SOURCE OF RAW M A TER IA LS.  I t IS INTERESTING TO NOTE THAT 
IN MAMMALS AND IN THE AV|AN SPECIES THERE IS  A S IM I L A R  SYSTEM FOR THE 
SYNTHESIS OF P U R IN E S .  In  BIRDS THE PURINE SYNTHESIS GI VES  R IS E  TO THE 
C HIEF NITROGEN EXCRETORY PRODUCT, WHEREAS, IN MAMMALS T H I S  SYNTHESIS SEEMS 
TO BE USED AS A SOURCE OF PURINE BASES FOR THE FORMATION OF NUCLEIC ACIDS 
AND UREA IS  THE CHIEF NITROGEN CONSTITUENT IN THE URINE UNDER "NORMAL"1 
CONDITIONS OF PROTEIN INTAKE AND METABOLISM,
O ' D e l l  e t  ' a l .  ( 1 9 5 8 ) ,  f o u n d  t h a t  i n c r e a s i n g  t h e  f r e e  a r g i n i n e  l e v e l s
IN D I E T S  FOR CHICKS BROUGHT ABOUT AN INCREASE IN THE EXCRETION OF UREA IN 
THE U R I N E .  T h e y  WERE ATTEMPTING TO DETERMINE THE REASON FOR THE HIGHER  
ARGININE REQUIREMENT OF CHICKS ON P U R I F I E D  CASEIN RATIONS AS COMPARED TO 
PRACTICAL RAT IO NS .
" IT  WAS POSTULATED THAT THE HIGHER REQUIREMENT FOR ARGININE  
ON AN ARGININE-SUPPLEMENTED CASEIN D I E T  THAN ON A PRACTICAL TYPE 
D I E T  IS DUE IN PART TO A MORE RAPID ABSORPTION OF THE FREE AMINO 
ACID AND CONSEQUENTLY A MORE RAPID BREAKDOWN TO UREA BY KIDNEY  
A RG IN AS E."
B e l l ,  ( 1 9 5 7 )  f o u n d  t h a t  1 . 2  mg. p e r c e n t  o f  u r e a  n i t r o g e n  in
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THE BLOOD OF NORMAL FOWLS, He P O I N T S  OUT VERY ADEQUATELY THAT THE SOURCE 
OF UREA IS UNKNOWN ALTHOUGH ARGINASE HAS BEEN FOUND IN  THE K I D N E Y .  He 
DETERMINED  UREA BY THE CONWAY M I C R O D IF F U S IO N  TECHNIQUE WHICH REQUIRES  
T H E  DETERMINATION OF AMMONIA ALSO. No AMMONIA WAS FOUND IN THE BLOOD.
T h i s  p o s e s  an  i n t e r e s t i n g  p r o b l e m  f o r  f u t u r e  s t u d y .  T h e  c u r r e n t
THEORY IS  THAT AMMONIA IS  PRODUCED IN THE KIDNEY AND IS IMMEDIATELY
EXCRETED.  T h e  URINARY AMMONIA NITROGEN OF A NORMAL MAN IS  ABOUT 0 .7  GM.
PER DAY.  H i g h  a m m o n i a  e x c r e t i o n s  a r e  u s u a l l y  a s s o c i a t e d  c l i n i c a l l y  WITH  
a c i d o s i s ,  ( H awk  e t , a l .  1954-)- I t  i s  i n c r e a s e d  i n  a m o u n t  b y  t h e  i n g e s t i o n  
OF a c i d - f o r m i n g  f o o d s  a n d  i n  t h e  a c i d o s i s  o f  s t a r v a t i o n  o r  d i a b e t e s  ( b u t
NOT OF N E P H R I T I S ) ,  AND DECREASED BY THE INGESTION OF ALKALIES OR BASE-  
FORMING f o o d s  and i n  a l k a l o s i s .  T h i s  i s  a c a s e  i n v o l v i n g  a n i t r o g e n o u s  
WASTE MATERIAL WHICH LEAVES THE KIDNEY FOR A PURPOSE AND SEEMINGLY LEAVES 
ONLY BY WAY OF THE U R I N E .  In  CHICKENS I T  I S  POSTULATED THAT UREA IS  FORMED 
IN  THE KIDNEY ONLY. YET,  I T  IS FOUND IN THE BLOOD AT A LEVEL S I M I L A R  TO THAT 
OF URIC ACID IN  MAN.
C r e a t i n e  and c r e a t i n i n e  i n  t h e  u r i n e  o f  mammals comes f r o m  t h e  
CREATINE OF MUSCLE. (BLOCH AND ScHOENHEIMER 1 9 4 0 a AND 1 9 4 0 b ) .
T h e  u r i n a r y  a m i n o  a c i d s  a r e  “ s p i l l - o v e r s " f r o m  t h e  b l o o d  w h i c h  ha v e
n o t  b e e n  d e a m i n a t e d  i n  t h e  l i v e r  ( D e n t  1946 ).
S u m m a r y
T h e r e  i s  c o n s i d e r a b l e  e v i d e n c e  i n  t h e  l i t e r a t u r e  t h a t  a c e r t a i n
PORTION OF THE URINARY NITROGEN EXCRETION REPRESENTS A NITROGEN METABOLISM  
WHICH I S  C R I T I C A L  FOR THE M A I N T E N A N C E  OF L I F E .  T h e  URINARY NITROGEN COM­
PONENT WHICH IS  MOST NEARLY REPRESENTATIVE OF T H I S  METABOLISM IS  THE C R E A T I N I N E  
EXCRETION IN MAMMALS AND POSSIBLY  THE CREATINE EXCRETION IN  AVIAN S P E C I E S .
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T h e r e  i s  e v i d e n c e  a l s o  t h a t  t h e  n i t r o g e n  w i t h i n  t h e  a n i m a l  i s  i n  
a d y n a m i c  s t a t e  o f  f l u x ,  i . e . ,  t h a t  t h e  n i t r o g e n  t a k e n  i n  t o d a y  i s  n o t
NECESSARILY EXCRETED TODAY.
T h e  p r o b a b l e  s o u r c e s  o f  a l l  t h e  n i t r o g e n  m e t a b o l i t e s  p r e s e n t  i n
AVIAN URINE HAVE BEEN DETERMINED WITH THE POSSIBLE EXCEPTION OF UREA.
T h e r e  h a s  b e e n  v e r y  l i t t l e  c o n c l u s i v e  wor k  o n  t h e  u r i n a r y  n i t r o g e n  
e x c r e t i o n  o f  a v i a n  s p e c i e s  a n d  n o n e  o n  t h e  e f f e c t  o f  d i e t a r y  r e g i m e
UPON THE TOTAL NITROGEN COMPONENTS OF AVIAN U R I N E .
SECTION ONE 
TECHNIQUES FOR THE QUANTITATIVE COLLECTION OF CHICKEN URINE AND FECES 
I n t r o d u c t i o n
S t u d i e s  w i t h  f o w l s  i n v o l v i n g  s e p a r a t e  c o l l e c t i o n  o f  u r i n e  a n d
FECES HAVE BEEN QU ITE  L I M I T E D .  A s  A RES U LT ,  THERE IS  L I T T L E  PUBLISHED  
INFORMATION ON THE SURGICAL TECHNIQUES AND APPARATUS FOR SUCH S T U D I E S ,
T h e  s t u d v  o f  t h e  n i t r o g e n  m e t a b o l i s m  o f  t h e  h e n  c a r r i e d  o u t  i n  t h e
EXPERIMENTS AT THE L O U I S I A N A  S TA T IO N  NECESSITATED A CONSTANT REFINEMENT  
OF THE SURGICAL AND COLLECTION TECHNIQUES INVOLVED IN THE SEPARATE 
COLLECTION OF FECES AND U R I N E ,
T h i s  s e c t i o n  p r e s e n t s  t h e  i n f o r m a t i o n  on  t h e s e  t o p i c s .
■Su r g I c al  T e c h n i q u e s
T h e  s u r g i c a l  t e c h n i q u e s  u s e d  i n  t h e  s t u d i e s  r e p o r t e d  i n  t h i s
D I S S E R T A T I O N  WERE THOSE DEVELOPED BY DlXON AND .' i / lLKINSON ( 1 9 5 7 )  AND BY
D i x o n  ( 1 9 5 8 ) .  T h e s e  s t u d i e s  w e r e  b e g u n  as  a c o l l a b o r a t i o n  w i t h  D i x o n  
o n  t h e  l a t t e r  e x p e r i m e n t .  Af t e r  t h e  c o n c l u s i o n  o f  t h e  s t u d i e s  w i t h  
D i x o n  c e r t a i n  r e f i n e m e n t s  i n  s u r g i c a l  t e c h n i q u e s  w e r e  m a d e  i n  o r d e r  t o
M A I N T A I N  LONG TERM COLLECTIONS FROM HENS HAVING E X T E R I O R I Z E D  RECTA.
T h e  CHICKEN WITH AN E X T E R I O R IZ E D  RECTUM WAS THE BIRD OF CHOICE  
FOR USE IN N U T R IT IO N A L  EXPERIMENTS.  T H E IR  ADVANTAGES COMPARED TO HENS 
WITH E X T E R I O R IZ E D  URETERS WERE: ( l )  I T  WAS EASIER TO COLLECT EXCRETA
FROM THEM, ( 2 )  ANY NITROGENOUS EXCRETION OF THE REPRODUCTIVE TRACT WOULD 
BE FOUND IN  THE U R I N E ,  AND ( 3 )  THE EGG COULD BE D EPO SI TED  IN A SUITABLY  
CONSTRUCTED U RINE COLLECTION BOTTLE WITHOUT DANGER OF BREAKAGE AND
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C ONTAM INA TION  OF THE EXCR ETA .  T h e  PRI MA RY  D I F F I C U L T Y  ENCOUNTERED WITH  
E X T E R I O R I Z E D  RECTUM TYPE OF M O D I F I C A T I O N  WAS THE F A I L U R E  TO SECURE 
H EA LIN G BETWEEN THE MUCOSA OF THE I N T E S T I N E  AND THE S K I N .  ALTHOUGH  
SOME E X T E R I O R I Z E D  RECTUM OPERATIONS SEEMED SUCCESSFUL FOR TWO TO FOUR 
WEEKS, EVENTUALLY THE SURROUNDING S K I N  ENCROACHED ON THE ANAL OPENING  
AND THE ANUS BECAME SCABBED OVER,  ! n ONE CASE THE HEN WAS ALLOWED TO 
GO A WEEK AFTER SCAB FORMATION OCCURRED AND THE S K I N  COMPLETELY COVERED 
THE ANAL O P E N I N G .  I t  WAS APPARENT THAT SOME METHOD OF CANNULAT ION 
S I M I L A R  TO THAT USED BY Ar | YO S H I  AND MORI MATO ( 1 9 5 6 )  WOULD HAVE TO BE 
D E V I S E D .  CANNULAE S I M I L A R  TO H I S  WERE T R I E D  BUT WOULD NOT REMAIN IN  
P L A C E .  A GLASS CANNULA WI TH  A WIDE R I M ,  HAVING FOUR HOLES FOR SUTU RES ,
WAS D E S IG N E D .  AFTER SEVERAL T R I A L S ,  THE MOST S U I TA B LE  S I Z E  WAS DETERMINED
( F i g u r e  1 ) .  I t was c o n s t r u c t e d  f r o m  1 0  m . m .  g l a s s  t u b i n g  w i t h  a l e n g t h
FROM THE R I M  TO THE T I P  OF 1 2  M . M .  AND A DIAMETE R ACROSS THE R I M  OF
2 5  m . m .  Us i n g  t h i s  c a n n u l a  s u t u r e d  i n  p l a c e  a n d  a l o w  f i b e r  d i e t ,  l i t t l e
D I F F I C U L T Y  WAS ENCOUNTERED IN  FECES C O L L E C T I O N .
T h e  b e s t  t i m e  f o r  c a n n u l a t i o n  w a s  a f t e r  a g r e a t  d e a l  o f  s c a r  t i s s u e  
h a d  f o r m e d  a r o u n d  t h e  a n a l  o p e n i n g .  T h i s  w a s  u s u a l l y  a b o u t  t h r e e  d a y s  
a f t e r  t h e  o p e n i n g  h a d  f i r s t  s c a b b e d  o v e r .  Wh e n  t h e  c a n n u l a  w a s  i n  p l a c e ,  
t h e r e  s e e m e d  t o  be  a f o r c e  a t t e m p t i n g  t o  e x p e l  i t .  Vi/h e n  a h e n  m a n a g e d  t o  
EXPEL HER CANNULA,  SHE BECAME C O N S T IP A T E D .  THE CANNULA SEEMED TO P RO VI DE  
A CONSTANT I R R I T A T I O N  OF THE RECTUM WHICH WAS NECESSARY FOR NORMAL E X C R E T I O N .
Wh e n  t h e  c a n n u l a  w a s  c o r r e c t l y  s e a t e d ,  t h e  s p h i n c t e r  m u s c l e  c l o s e d  o v e r  t h e
IN T E R I O R  OPENING OF THE CANNULA AND FECES WERE PASSED IN THE SAME MANNER AS 
THAT iN  MANY OTHER S P E C I E S .  THE FEED CONTAINED NO MORE THAN F I V E  PERCENT  






THAT EXCESS F I B E R  WOULD DRY IN THE CANNULAE, CLOG I T  U P ,  AND RESULT IN  
EXPULSION OF THE CANNULA.
T h e  Wh i t e  L e g h o r n  h e n s  u s e d  i n  t h i s  e x p e r i m e n t  b e g a n  l a y i n g  u p o n
R EG A IN IN G  THE IP  WEIGHT AFTER THE SUCCESSFUL CANNULAT I ON TECHNIQUE WAS 
D E V I S E D .  Th e y  a r e  p r e s e n t l y  i n  e x c e l l e n t  h e a l t h  ( f o u r  TO E IG H T  MONTHS 
AFTER CANNULATION)  AND ARE L A Y I N G .
E x c r e t a  Co l l e c t  i o n  T e c h n i q u e s
I n  t r i a l s  o n e  a n d  t w o  t h e  h e n s  w e r e  p l a c e d  i n  i n d i v i d u a l  m e t a b o l i s m  
CAGES F I V E  INCHES WIDE X 2 0  INCHES LONG X 1 4  INCHES D E E P .  THESE CAGES 
( F i g u r e  2 )  h a d  s l a n t e d  w i r e  f r o n t s  t o  p r e v e n t  e a c h  h e n  f r o m  " s t e a l i n g ”
WATER OR FEED FROM HER NEIGHBOR.  THE FEED TROUGH WAS MOUNTED ON THE 
CAGE FRONT AND THE WATER CUP ON THE LEFT  S I D E  OF THE CAGE FRO NT.  THE
HENS COULD NOT MOVE AROUND IN THESE CAGES AND TUBES MADE FROM RUBBER
A R T I F I C I A L  VAGINA L I N I N G S  CONDUCTED THE U R IN E  FROM THE EXTERNAL URETERAL 
OPENINGS TO A 500 M L.  GRADUATED CYLINDER MOUNTED ON THE BACK OF THE CAGE.  
T h e  WEIGHT OF THE TUBE WAS SUPPORTED BY " 'CHICKEN SWEATERS” MADE OF CLOTH 
IN  SUCH A MANNER THAT THEY ENCLOSED THE MAJOR PORTION OF THE BODY AND
WERE HELD IN PLACE BY THE WINGS AND LEG S.  I t  WAS FOUND NECESSARY TO
SUTURE THE COLLECTION TUBE TO THE S K I N  JUST BELOW THE URETERAL OPENINGS  
WHEN COLLECTING FROM HENS HAVING E X T E R I O R I Z E D  URETERS BUT UNNECESSARY TO 
SUTURE THE TUBE IN PLACE WHEN COLLECTING FROM BIRDS HAVING AN E X T E R I O R I Z E D  
RECTUM.
T h e  APPARATUS USED f o r  FECES c o l l e c t i o n  w a s  a l a r g e  FUNNEL WHICH 
F I T T E D  UNDER THE METABOLISM CAGE. THE FUNNEL MOUTH WAS 10 INCHES IN  
DIA METER TAPERING TO A 2 .5  INCH OPENING AT THE LOWER END .  A 500 ML.
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Wa r i n g  Bl e n d o r  j a r  w as  a t t a c h e d  t o  t h i s  b y  m e a n s  o f  a  w i r e  b a i l  e q u i p p e d
W IT H  HOOKS WHICH ENGAGED THE UPPER R I M  OF THE F U N N E L .  VERY L I T T L E  FECES  
STUCK I N  THE FUNNEL AND T H I S  WAS SCRAPED DOWN INTO THE JAR WITH  A 
SPATULA AT FOUR HOUR I N T E R V A L S .
Co n s t a n t  c h e c k i n g  a s s u r e d  q u a n t i t a t i v e  u r i n e  c o l l e c t i o n .  T h e r e  w a s
ONE TROUBLESOME D E T A I L ,  NAMELY; A YELLOW GRANULAR P R E C I P I T A T E  ACCUMULATED 
IN  THE U R IN E  COL LE C TI ON  TUBES AND T H I S  HAPPENED MORE OFTEN W IT H  THOSE HENS 
HAV ING E X T E R I O R I Z E D  URETERS THAN WI TH  THOSE HAVING E X T E R I O R I Z E D  R EC TA .
T h i s  d i f f e r e n c e  w a s  n o t  s u r p r i s i n g  s i n c e  t h e  u r i n e  c a m e  f r o m  t h e  e x t e r i o r i z e d
URETERS AS A STEADY OOZE BUT WAS EXP EL LED  W IT H  SOME FORCE FROM THE CLOACA OF 
THE HEN H AVI NG AN E X T E R I O R I Z E D  RECTUM.  THE PRESENCE OF P R E C I P I T A T E  I N  THE 
C O LLE C TI O N  TUBES MAY HAVE PREVENTED Q U A N T I T A T I V E  RECOVERY OF U R I N E .
Wa t e r  m e t a b o l i s m  d a t a  w e r e  a l s o  b e i n g  c o l l e c t e d  a n d  t h e  t u b e s  c o u l d  n o t  b e
WASHED BUT HAD TO BE SCRAPED W IT H  A S PA TU LA ,
F i g u r e  3  p r e s e n t s  t h e  n i t r o g e n  d a t a  a c c u m u l a t e d  i n  t r i a l  o n e .
P r o b a b l y  t h e  m o s t  s t r i k i n g  f a c t  i n  t h i s  g r a p h  i s  t h e  d i f f e r e n c e  i n  t h e
APPARENT RESPONSE TO R A T IO N  TREATMENT AMONG THE THREE GROUPS OF HENS.
No t e  t h e  a p p a r e n t l y  g r e a t e r  n i t r o g e n  r e t e n t i o n  o f  t h e  s u r g i c a l l y  m o d i f i e d  
h e n s .  T h e r e  w a s  a m a r k e d  d i f f e r e n c e  b e t w e e n  t h e  h e n s  h a v i n g  e x t e r i o r i z e d  
u r e t e r s  a n d  t h o s e  h a v i n g  e x t e r i o r i z e d  r e c t a .
I n s p e c t i o n  o f  t h e  d a t a  s u g g e s t e d  t w o  h y p o t h e s e s ? e i t h e r  t h e  s u r g i c a l  
m o d i f i c a t i o n  h a d  a f f e c t e d  t h e  p r o t e i n  m e t a b o l i s m  o r  s o m e  u r i n a r y  n i t r o g e n  
WAS LOST DURING C O L L E C T I O N .  I t  WAS DOUBTFUL THAT THE SUR GICA L TREATMENT  
WAS RIGOROUS ENOUGH TO SUPPORT THE F I R S T  H YP O T H ES I S  SO THE LATTER  WAS 
ASSUMED TO BE TR U E.  T H I S  MEANT THAT THE CO LLE C TI ON  TECHNIQUE MUST BE
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URINE N R E T A IN E D  N I I IJ
FURTHER REFINED TO ENSURE COMPLETE RETENTION OF URINARY NITROGEN.
Ac c o r d i n g  t o  Da v i s  (1927) ‘’ n o r m a l 1’1 h e n  u r i n a r y  n i t r o g e n  m a y  be  
P A R T IT IO N E D  AS 17.3 PERCENT URIC A C I D ,  10.4 PERCENT UREA, 8 .0  PERCENT 
CREATINE AND C R E A T I N I N E ,  AND 1 .4  PERCENT OF UNDETERMINED O R I G I N .  I f  
THE URINES COLLECTED IN TRIAL ONE ARE CONSIDERED NORMAL, THE LOSS OF THE 
AMMONIA WOULD EXPLAIN THE DIFFERENCE BETWEEN THE BIRDS HAVING EXTE RI OR IZE D  
RECTA AND THE NORMAL B IR D S .  ANY EXPLANATION OF THE DIVERGENCE BETWEEN THE 
NORMAL BIRDS AND THOSE HAVING EXT E RI OR IZ ED  URETERS MUST INVOLVE EITHER THE 
LOSS OF THE ADDITIONAL 10 PERCENT UREA NITROGEN OR SOME CHANGE IN NITROGEN  
METABOLISM.
IF THE AMMONIA WAS BEING LOST FROM THESE URINES (pH 6 .2 5 ) I T  SEEMED 
LOGICAL TO PLACE AN ACID PRESERVATIVE IN THE URINE RE C E IV IN G VESSELS.
IF THERE WAS A FURTHER LOSS OF NITROGEN FROM THE URINE OF THE HENS HAVING  
E X T E R IO R IZ E D  URETERS I T  MIGHT BE DUE TO THE BACTERIAL BREAKDOWN OF UREA.
T h i s  f a c t o r  w o u l d  i n f l u e n c e  t h e  c h o i c e  o f  a p r e s e r v a t i v e .  A n o t h e r  f a c t o r
INVOLVED IN THE CHOICE OF A PRESERVATIVE WAS THE DESIR E TO STUDY THE 
NITROGEN CONSTITUENTS OF THE URINE IN THE FORM IN WHICH THEY WERE EXCRETED.  
A BRIEF STUDY OF URIC ACID CHEMISTRY SHOWED THAT THERE WAS A TENDENCY FOR 
URIC ACID TO DECOMPOSE IN E ITHER ACID OR A L K A L I .  At  NEAR NEUTRAL PH IT  
IS QUITE STABLE.
Bo r i c  a c i d  w as  c h o s e n  as  t h e  a c i d  t h a t  m o s t  n e a r l y  s a t i s f i e d  t h e s e  
c o n d i t i o n s .  I t  r a p i d l y  c o m p l e x e s  a m m o n i a ,  i t  i s  h i g h l y  a n t i s e p t i c  at  a 
c o n c e n t r a t i o n  of  o n e  p e r c e n t ,  i t  d o e s  n o t  l o w e r  t h e  p H a p p r e c i a b l y ,  i t
COMPLEXES METALS WHICH MIGHT CATALYZE THE BREAKDOWN OF URINARY COMPONENTS,  
AND IT  WILL NOT P R E C IP IT A T E  URIC ACID IN HARD GRANULES AS IS  CHARACTERISTIC  
OF MANY OTHER A C ID S .
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F i g u r e  4- p r e s e n t s  a  c o m p a r i s o n  o f  t h e  d a t a  f r o m  T r i a l  t w o  and  
T r i a l  o n e .  T h e  r a t i o n s  f e d  w e r e  v e r y  s i m i l a r  b u t  n o t  i d e n t i c a l .  N o t e  
t h a t  t h e  n i t r o g e n  r e t e n t i o n s  b e t w e e n  t h e  v a r i o u s  s u r g i c a l  t r e a t m e n t s  a r e  
n e a r l y  i d e n t i c a l  i n  T r i a l  t w o .  I n T r i a l  t w o ,  5 0  m l .  o f  f o u r  p e r c e n t  
b o r i c  a c i d  w e r e  a d d e d  t o  t h e  f e c e s  a n d  u r i n e  c o l l e c t i o n  v e s s e l s  when t h e  
U R I N E  WAS COLLE CTE D.  ASSUMING A F I N A L  VOLUME OF 2 0 0 - 2 5 0  M L .  OF U R I N E ,  
THE F I N A L  BORIC A C I D  CONTENT WAS ABOUT 0 . 8  -  1 . 0  P ER C EN T.  THE F I N A L  
VOLUME OF URI NE WAS SELDOM MORE THAN 2 0 0  M L .
As SHOWN BY THE NITROGEN A NA LYS IS DATA (F IG U R E  4 - ) ,  T H I S  METHOD OF 
C O LLE C TI O N  OF EXCRETA WAS VERY S A T I S F A C T O R Y .  THERE WERE SOME TEC HNICA L  
O B J E C T I O N S ,  NAMELY:
1 .  T h e  FOWL COULD n o t  m o v e  a r o u n d  a s  m u c h  a s  i n  an  o r d i n a r y  
c a g e  s o  t h i s  m e t h o d  o f  c o l l e c t i o n  m i g h t  a f f e c t  c e r t a i n
PHASES OF M E T A B O L IS M .
2 .  An i m a l s  h a d  t o  be  a d a p t e d  t o  t h e  c l o s e  c o n f i n e m e n t  f o r  
s e v e r a l  d a y s  b e f o r e  n o r m a l  f e e d  c o n s u m p t i o n  c o u l d  be  
e x p e c t e d .  I n s o m e  c a s e s  t h e  a n i m a l  n e v e r  b e c a m e  a d a p t e d .
3 .  Af t e r  o n e  w e e k  m a n y  h e n s  s h o w e d  s i g n s  o f  c a g e  f a t i g u e  a n d
HAD TO BE REMOVED FROM THE E X P E R I M E N T .
4 .  T h e  u r i n e  c o l l e c t i o n  t u b e s  w e r e  d i f f i c u l t  t o  c l e a n  a n d
MIGHT HAVE BEEN SOURCE OF ERROR IN O B T A I N I N G  Q U A N T I T A T I V E  
C O L LE C TI O N S .
F o r  t h e s e  r e a s o n s  a n e w  c o l l e c t i o n  a p p a r a t u s  w a s  d e v i s e d  f o r  h e n s  
w h i c h  a l l o w e d  c o n s i d e r a b l y  m o r e  f r e e d o m .  T h i s  a p p a r a t u s  c o n s i s t e d  o f
TWO PARTSJ A HARNESS WHICH WAS F I T T E D  TO THE HEN AND TWO POLYETHYLENE  
CO LLE C TIN G V ES S E LS .
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T h e  h a r n e s s  ( F i g u r e  5 )  c o n s i s t e d  o f  a  c l o t h  k e e l  p i e c e  a n d  a c l o t h
AND WIRE BACK P I E C E .  THE KEEL P I E C E  WAS A DOUBLE TH IC K NE SS  OF CLOTH 
ABOUT THREE BY F I V E  INCHES FOLDED L EN GT H W IS E .  ONE END WAS CUT AND 
SEWED TO F I T  THE FRONT OF THE K E E L ,  T l E  S TR IN G S  WERE SEWN IN SETS ALONG 
THE KEEL P I E C E  SO THAT THE FRONT P A I R  F I T T E D  IN  FRONT OF THE W IN G S ,  THE 
SECOND P A I R  JUST BEH IND  THE WIN GS ,  THE T H I R D  P A I R  JUST BEHIND THE L EG S ,
AND THE FOURTH P A I R  R IG H T  OVER THE END OF THE KEEL BONE. THE BACK P I E C E  
WAS MADE OF CLOTH WITH A 1 2  GAUGE STEEL WIRE S T I F F E N E R  SEWN INTO THE 
P E R I P H E R Y .  S e t s  OF BUTTON HOLES WERE LOCATED JUST I N S I D E  THE WIRE IN  
SUCH A P O S I T I O N  TO MATCH THE T i t  S TR IN G S  OF THE KEEL P I E C E .  THE STRING S  
WERE BROUGHT UP OVER THE BACK AND THROUGH THE BUTTON HOLES AND T I E D  WITH  
SEVERAL KNOTS.
T h e  c o l l e c t i o n  v e s s e l s  ( F i g u r e  6 )  w e r e  c a r v e d  f r o m  p o l y e t h y l e n e
BOTTLES TO F I T  THE I N D I V I D U A L  HEN S.  THE U RI NE  VESSELS WERE CARVED FROM 
E I G H T  OUNCE BOTTLES AND THE FECES VESSELS FROM FOUR OUNCE B OTTL ES .  A 
BAFFLE WAS F I T T E D  INTO THE U RINE VESSELS TO PREVENT SPLASHING AND TO 
HOLD THE EGGS ( F I G U R E  7 ) .  THE 8AFF LE  WAS MADE FROM THE TOP OF AN E IG H T  
OUNCE BOTTLE AND WAS F I T T E D  INTO PLACE BY FU S IN G  THE P L A S T I C  WITH A 
SOLDERING GUN.  The VESSELS WERE F I T T E D  WITH FOUR EYES MADE OF PAPER
C L I P  STEEL WIRE AND WERE HELD IN  PLACE WITH LENGTHS OF U M B I L I C A L  SUTURE
F I T T E D  WI TH  A STEEL C L I P  AT ONE END AND A SAFETY P I N  AT THE OTH ER.  E L A S T I C
WAS F I R S T  T R I E D  BUT THE S K I N  OF THE HENS WAS SO TENDER THAT THERE WAS CON­
STANT C H A F F I N G .
T h e  h a r n e s s  d e s c r i b e d  ( F i g u r e  8 )  w a s  h e l d  i n  p l a c e  s o  r i g i d l y  t h a t
THE HEN COULD NOT DIS LO DG E I T  WHEN SHE SAT DOWN YET I T  ALLOWED COMPLETE
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F I G U R E  7 
THE C O N S T R U C T I O N  OF T H E  U R I N E  
C O L L E C T I O N  V E S S E L S
FIGURE 3
SURGICALLY MODIFIED HEN WITH COLLECTION 
HARNESS IN PLACE
30
FREEDOM OF MOVEMENT. Y'f ITH  T H I S  COL LECTION APPARATUS THE HENS WERE 
PLACED IN  1 . 5 *  X 2 . 5 *  I N D I V I D U A L  CAGES AND COLLECTIONS WERE MADE. THE  
U R I N E  WAS COLLECTED TWO T IM E S  D A I L Y  BY REMOVING THE CAP OF THE COLLEC TION  
VESSEL AND D R A I N I N G  I T  INTO A WIDE MOUTH GLASS J A R .  WHEN R I N S I N G  WITH  
WATER WOULD NOT REMOVE ALL OF THE P R E C I P I T A T E ,  THE BOTTLE WAS REPLACED  
AND Q U A N T I T A T I V E  COL LECTION COMPLETED IN THE LABORATORY. ThE DROPPING  
PANS UNDER EACH CAGE WAS COVERED WITH FREEZER P A P E R ,  WAXED S I D E  U P,  SO 
THAT ANY URI NE WHICH WAS S P I L L E D  COULD BE RECOVERED W IT H  A P I P E T T E .  !n  
ONE OR TWO INSTANCES T H I S  PROVED TO BE A FORTUNATE SAFETY FACTOR.  C ER T A I N  
P L A S T I C  CAPS D I D  NOT SEAL THE COLLEC TION  BOTTLES AND LEAKS ALLOWED U RI NE  
TO D R I P  ONTO THE PAPER.  CAREFUL S E L E C T I O N  AND T E S T IN G  OF CAPS PREVENTED  
T H I S  P O T E N T I A L  ERROR.
F e e d i n g  T e c h n i c u e s  w i t h  P u r i f i e d  P i e t s
T h e  u s e  o f  p u r i f i e d  d i e t s  o f f e r e d  s o m e  d i f f i c u l t y .  On l y  o n e  h a l f  o f  
THE HENS ATE ENOUGH DRY MASH TO M A I N T A I N  T H E I R  W E I G H T .  Ar IY O SH I  ( 1 9 5 7 )
FED P U R I F I E D  D I E T S  AS A WET MASH AND REPORTED GOOD CONSUMPTION.  THE
Wh i t e  L e g h o r n  f e m a l e s  u s e d  i n  t h i s  w o r k  o b j e c t e d  t o  w e t  m a s h .  Ev e n  t h o s e
WHICH CONSUMED ADEQUATE DRY FEED REFUSED WET F E E D .  ONE HEN WHICH CON­
S I S T E N T L Y  AND D E L IB E R A T E L Y  WET HER OWN FEED BEFORE E A T IN G  I T  WOULD NOT 
EAT FEED THAT HAD BEEN WET BEFORE F E E D I N G .  To BRING ABOUT INCREASED  
CONSUMPTION A COMMERCIAL A D D I T I V E  CALLED "SUCRO FLAVOR** (FLAVOR CORP.
o f  Am e r i c a ,  C h i c a g o ,  I I I . )  w as  a d d e d  t o  t h e  d i e t  a t  a l e v e l  o f  5 0  g r a m s
PER 1 0 0  POUNDS OF F E E D .  ALTHOUGH THERE WAS SOME IMPROVEMENT I T  WAS NOT 
S U F F I C I E N T  WITH ALL THE HENS INVOLVED IN  THE STU DY.  iT WAS APPARENT THAT  
SOME OTHER METHOD WOULD HAVE TO BE FOUND TO FURTHER S T I M U LA T E  FEED CON­
SUMPTION ON THE P U R I F I E D  D I E T .
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Af t e r  a t h r e e  m o n t h  s t u d y  w i t h  p u r i f i e d  d i e t s  c o n t a i n i n g  f l a v o r s ,
I T  WAS OBVIOUS THAT THE PHYSICAL FORM OF THE D I E T  WAS INFLUENCING IN T A K E .
T h e  h e n s  w h i c h  r e a d i l y  a t e  t h e  p u r i f i e d  d i e t  d i d  as  w e l l  a s  t h e i r  s i s t e r s
ON A S E M I - P U R I F I E D  D I E T  IN  WHICH THE DRACKETT PR O TE IN  AND Z E I N  WERE 
REPLACED WITH 5 0  PERCENT PROTEIN SOYBEAN MEAL AND PART OF THE STARCH 
WAS REPLACED BY CORN MEAL. VARIOUS T R I A L S  ASSURED THAT T H I S  DIFFERENCE  
WAS NOT DUE TO THE F IB E R  CONTENT. IN  ANY CASE THE F I B E R  CONTENT MUST BE 
HELD AT A LOW LEVEL FOR THOSE HENS F I T T E D  WITH CANNULAE. 'WHEN THE F IB E R  
LEVELS FED THESE BIRDS INCREASED ABOVE F I V E  PERCENT OF THE R A T I O N ,  THE 
FECES WOULD HARDEN IN THE CANNULAE AND THE BIRDS WOULD EXPEL THE CANNULAE.
I l  WAS SUBSEQUENTLY DECIDED THAT THE PROBLEM COULD BE SOLVED BY USING  
PELLETED RATIONS AND A LABORATORY S I Z E  PELLET M I L L  WAS SECURED ( C A L I F O R N I A
P e l l e t  M i l l  Co . ,  S an  F r a n c i s c o * C a l i f . ) .
P e l l e t i n g  q f  Pu r i f i e d  D i e t s
T h e  f i r s t  r a t i o n  p e l l e t e d  w i t h  t h e  m a c h i n e  c o n t a i n e d  t h r e e  p e r c e n t  a l p h a
CEL AND t w o  PERCENT AGAR AS A SOURCE OF BULK. T H I S  RATION FORMED A VERY SOFT 
PELLET WHICH CRUMBLED E A S I L Y .  ABOUT 8 0  ML.  OF WATER WERE ADDED PER POUND OF 
FEED BEFORE PEL LETI NG  AND THE WET PELLETS WERE D R I E D  IN A FORCED DRAFT OVEN 
AT 6 0 0  C .  FOR 1 2  HOURS. THESE PELLE TS WERE NOT OF DESIRABLE HARDNESS AND 
THE DRYING WAS THOUGHT TO BE TOO RIGOROUS. METHYL-CELLULOSE WAS THEN 
S U B STI TU TED  FOR THE ALPHA-CEL AND THE PELLETS WERE DR IED  FOR 2 ^  HOURS IN A
J a m e s w a y  i n c u b a t o r  s e t  a t  3 8 °  C .  w i t h  t h e  w a t e r  c u t  o f f  t o  t h e  h u m i d i f i e r s .  
T h e  r e s u l t i n g  p e l l e t s  w e r e  h a r d  a n d  f i r m  a n d  d e c o m p o s e d  v e r y  r a p i d l y  i n  w a t e r  
Al t h o u g h  m a n y  b i n d e r s  h a v e  b e e n  u s e d  w i t h  s u c c e s s  i n  c o m m e r c i a l  p e l l e t i n g
OPERAT IONS ,  STARCH AND CELLULOSE ARE TWO OF THE MORE COMMON ONES. M E TH Y L-  
CELLULOSE WAS FOUND TO BE VERY VALUABLE IN WORK WITH P U R I F I E D  D I E T S .
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A g a r  w a s  a l s o  p r e s e n t  i n  t h e s e  d i e t s  a n d  m a y  h a v e  h a d  an  a d d i t i o n a l
B I N D I N G  E F F E C T .  THE F I N A L  D I E T  CONTAINED ABOUT 2 . 2 $  PERCENT AGAR,
ONE PERCENT M E T H Y L -C E L L U L O S E , 4-5 PERCENT CORN STARCH,  AND 2 0  PERCENT 
CERELOSE PLUS THE M I N E R A L ,  V I T A M I N  AND PR O TE IN  SOURCES. H IGHER LEVELS  
OF CERELOSE RETARDED PELLET FORMATION,
T h e  PEL LE TS WERE VERY HARD AND WERE ABOUT O N E -E IG H T H  INCH LONG,
P e l l e t s  f o r m e d  f r o m  s e m i p u r i f i e d  d i e t s  w e r e  f i r m  b u t  n o t  s o  h a r d  as  t h o s e
FORMED FROM P U R I F I E D  D I E T S .  FEED WASTAGE WAS N E G L I G I B L E  WHEN PELLETS  
WERE FE D jC O N V ER S E LY ,  T H I S  WAS A SERIOUS PROBLEM WITH MASH FEED S.
IN  P E L L E T I N G  THESE F E E D S ,  I T  WAS THOUGHT UNDESIRABLE TO INCLUDE  
COMMERCIAL BINDERS SUCH AS BENTONITE S IN C E  THE EFFECT OF SUCH MATERIALS  
ON D I G E S T I B I L I T Y  HAD NEVER BEEN THOROUGHLY I N V ES T IG A T E D  IN  POULTRY  
N U T R I T I O N .  I T  WAS THOUGHT THAT THE CARBOHYDRATE D E R I V A T I E S ,  M ET HYL -  
CELLULOSE AND AGAR, WOULD HAVE LESS EFFECT UPON D I G E S T I B I L I T Y  THAN SUCH
m i n e r a l  b i n d e r s .
S u m m a r y
He n s  w i t h  e x t e r i o r i z e d  r e c t a  c o u l d  b e  m a i n t a i n e d  i n  an  e x c e l l e n t
STATE OF HEALTH BY USING PROPERLY F I T T E D  CANNULAE AND LOW F I B E R  D I E T S .
A METHOD FOR THE Q U A N T I T A T I V E  COLLECTION OF FECES AND URINE FROM 
HENS WITH E X T E R I O R I Z E D  RECTA WAS DEVELOPED. T H I S  METHOD ALLOWED THE HEN 
COMPLETE FREEDOM TO MOVE AROUND IN A LARGE I N D I V I D U A L  CAGE.
T h e  CONSUMPTION OF P U R I F I E D  D I E T  WAS IMPROVED BY ADDING AN A R T I F I C I A L  
FLAVOR,  HOWEVER, ADEQUATE CONSUMPTION WAS ACHIEVED ON P E L L E T E D ,  P U R I F I E D  
R A T I O N S .
A METHOD OF P E L L E T I N G  A P U R I F I E D  D I E T  WAS DEVELOPED WHICH USED AN 
E LE C TR IC  POWERED, LABORATORY PELL ET  M I L L ,
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Me t h y l - c e l l u l o s e  p r o v e d  t o  be  a  v e r y  g o o d  b i n d e r  f o r  p u r i f i e d  d i e t s
AT A LEVEL AS LOW AS ONE PERCENT OF THE D I E T .
Be c a u s e  o f  a r a p i d  e a r l y  l o s s  o f  c e r t a i n  n i t r o g e n  c o n s t i t u e n t s ,  i t
WAS FOUND NECESSARY TO COLLECT THE FECES AND UR IN E IN THE PRESENCE OF A 
P R E S E R V A T IV E  AND BECAUSE OF CE R TAI N  C H A R A C T E R I S T I C S  BORIC A C I D  WAS THE 
P R E S ER V A T IV E  OF C H O IC E .
SECTION TWO 
THE EFFECT OF THE ENERGY LEVEL OF THE RATION UPON 
THE NITROGEN COMPONENTS OF THE URINE
I n t r o d u c t i o n
T h e  i n t e r r e l a t e d  m e t a b o l i s m  o f  '"e n e r g y  n u t r i e n t s '* ( c a r b o h y d r a t e s
AND f a t s ) AND P R O T E I N  PRESENT A PROBLEM WHEN ONE I S  FORMULAT ING R A T IO N S  
FOR THE STUDY OF NITRO GEN  M E T A B O L IS M .  THE EF FECT  OF R A T IO N  ENERGY LEVEL  
UPON THE NITROGEN COMPONENTS OF A V I A N  U R I N E  HAD NOT BEEN E X T E N S I V E L Y  
S T U D I E D .  I t  WAS THOUGHT BEST TO D E S I G N  A S I M P L E  EXP E R IM E N T  TO DET ERM IN E  
THOSE EFFECTS BEFORE S TU D YIN G  THE EFFECTS  OF V A R IO U S  P R O T E I N  LEV EL S  
UPON THE U R IN A R Y  NIT ROGEN  COMPONENTS.
T h i s  s e c t i o n  o f  t h e  d i s s e r t a t i o n  d e a l s  w i t h  t h e  r e s u l t s  o f  t h i s
S T U D Y .
E x p e r i m e n t a l  Me t h o d s
T h e  s u r g i c a l  t e c h n i q u e s  ¥i e r e  t h o s e  d e s c r i b e d  b y  D i x o n  a n d  W i l k i n s o n  
(1 9 5 7 ). T h e  c o l l e c t i o n  t e c h n i q u e s  w e r e  t h o s e  d e v e l o p e d  b y  D i x o n  a n d
P R E V I O U S L Y  D E S C R I B E D  IN  S E C T I O N  ONE OF T H I S  D I S S E R T A T I O N .
T w e l v e  S .  C. W h i t e  L e g h o r n  h e n s  w e r e  s e l e c t e d  a n d  p l a c e d  i n  an a i r  
C O N D I T I O N E D  ROOM (75° ±  1 °  F . )  IN  I N D I V I D U A L  CAGES. THE R A T IO N S  WERE FED  
AD L I B I T U M  AND WATER WAS BEFORE THE BIR DS  AT ALL T I M E S .  WATER AND FEED  
CONSUMPTION WERE MEASURED D A I L Y  AT 2 :0 0  O' CL OC K  P.M.
T h e  t w o  r a t i o n s  f e d  i n  t h i s  s t u d y  ( T a b l e  1 )  d i f f e r e d  o n l y  i n  t h e




R a t i o n s  F e d  i n  T r i a l  2
I n g r e d i e n t
R a t i o n
15/900
P e r c e n t
R a t i o n
15/800
P e r c e n t
S o y b e a n  m e a l  (50 p e r c e n t  p r o t e i n ) 14.0 14.0
Gr o u n d  Y e l l o w  Co r n 50.5 50.0
Gr o u n d  Oa t s 8 .5 8 .5
Al f a l f a  m e a l 3 .0 3 .0
F i s h  m e a l 3 .0 3 .0
D i Cal. 5 .0 5 .0
Gr o u n d  O y s t e r  S h e l l 4 .0 4 .0
S a l t 1 . 0 1 .0
No .  2  T a l l o w 5 .2 0 .0
R i c e  Hu l l s 4 .8 10.0
V i t a m i n  p r e m i x * 1 . 0 1 .0
Ma n g a n e s e  S u l f a t e 20 GMS. 20 GMS.
*  T h e  V i t a m i n  s u p p l e m e n t  s u p p l i e d  t h e  f o l l o w i n g  a m o u n t  o f  t h e  v a r i o u s
FACTORS PER POUND OF R A T IO N .
N ame
R i b o f l a v i n  2 mg.
C a l c i u m  P a n t o t h e n a t e  4  mg.
N i a c i n  12 mg.
Ch o l i n e  C h l o r i d e  76 m g .
V i t a m i n  B^2 6 .2  MG,
P e n i c i l l i n  2 mg.
D-L Me t h i o n i n e  1.0  m g .
V i t a m i n  A 3500 IU
V i t a m i n  D 4.00 ICU
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WERE FORMULATED TO CONTAIN 1 5  PERCENT P R O T E I N  AND E I T H E R  9 0 0  CA LO R IES  
( r a t i o n  1 5 / 9 0 0 )  o r  8 0 0  C a l o r i e s  o f  p r o d u c t i v e  e n e r g y  p e r  p o u n d  ( r a t i o n  
1 5 / 8 0 0 ) .  I t  w a s  r e a l i z e d  i n  t h e  b e g i n n i n g  t h a t  t h i s  w a s  n o t  a v e r y
R A D IC A L  ENERGY TREATMENT BUT I T  WAS B E L IE V E D  THAT THERE SHOULD BE SOME 
D IF FE R EN C E  IN RESPONSE IF  THE POSTULATED IN T E R R E L A T I O N S H IP  OF P R O TE I N  
AND ENERGY WERE OF TRUE METABOLIC O R I G I N .
T h e  HENS WERE PLACED ON RAT ION  1 5 / 9 0 0  FOR ONE WEEK AND COLLECTION S  
WERE MADE OF T H E I R  NORMAL EXCRETA FOR A PE R IO D  OF THREE DAYS WITH 5 0  MLS .  
OF FOUR PERCENT BORIC A C I D  USED AS A P R E S E R V A T I V E .  T h E HENS WERE THEN 
ALLOWED A WEEK TO ADJUST TO RAT ION  1 5 / 8 0 0  AND EXCRETA COLLECTIONS WERE 
MADE AGAIN FOR A THREE DAY P E R I O D .
THE HENS WERE RETURNED TO RA T IO N  1 5 / 9 0 0  AND E IG H T  BIRDS WERE 
SUR GI CA LLY  M O D I F I E D  SO THAT FOUR HENS HAD E X T E R I O R I Z E D  URETERS AND 
FOUR HAD E X T E R I O R I Z E D  RECTA.  FOUR NORMAL HENS WERE KEPT AS CONTROLS.
T h e  SUR GI CA LLY  M O D I F I E D  HENS WERE COMPLETELY HEALED AFTER A WEEK AND 
CO LLE C TIO N S WERE MADE IN  THE SAME MANNER AS DURING THE NORMAL P E R I O D .
T h e  TOTAL NITROGEN OF F E C E S ,  FEED AND U RINE WAS DET ER M IN ED  BY THE 
KJELDAHL METHOD USI NG A COPPER CAT ALY ST.  T h e  U RI C  ACI D NITROGEN WAS 
D ET ERM IN ED  BY THE METHOD OF L aERDAL ET AL.  ( 1 9 5 7 )  WITH THE EXC EPT ION  
THAT ONLY A 2 0  M L .  ALIQUOT OF U R IN E  WAS U SE D .  V AR IO US  COLO R IMET RI C  
PROCEDURES FOR THE D E T E R M IN A T IO N  OF U R I C  A CI D  WERE T R I E D  BUT THESE  
METHODS GAVE U RI C  ACID NITROGEN VALUES GREATLY IN  EXCESS OF THE TOTAL  
NIT ROGEN  PRESENT WITH THE EXC EPT IO N  OF THE S I L V E R  LACTATE P R E C I P I T A T I O N  
METHOD OF F O L I N  AS PRESENTED BY HAWK ET A L .  ( 1 9 5 4 )  WHICH GAVE A LOW 
VALUE WI TH  U R IN E  AND STANDARDS.
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T h e  a m m o n i a  a n d  u r e a  n i t r o g e n  w e r e  d e t e r m i n e d  b y  t h e  V an  S l y k e  a n d  
Cu l l e n  a e r a t i o n  p r o c e d u r e  as  p r e s e n t e d  b y  H awk  e t  a l .  ( 1 9 5 4 ) ,  w i t h  t h e  
e x c e p t i o n  t h a t  t h e  a e r a t i o n  w a s  d o n e  o n  a s p e c i a l  a p p a r a t u s  w h i c h
ALLOWED SIMULTANEOUS D E T E R M I N A T I O N S .  THE APPARATUS AND METHOD APPEAR
i n  t h e  Ap p e n d i x  S e c t i o n  I I  a l o n g  w i t h  t h e  p r o c e d u r e  f o r  t h e  d e t e r m i n a t i o n  
OF c r e a t i n e  a n d  a m i n o  a c i d  n i t r o g e n .
T h e  c r e a t i n e  n i t r o g e n  w a s  d e t e r m i n e d  b y  a p r o c e d u r e  b a s e d  o n  t h e  
J a f f e  r e a c t i o n .  T h e  m e t h o d  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  a m i n o  a c i d  
n i t r o g e n  c o m b i n e d  a n  i o n - e x c h a n g e  d e - s a l t i n g  t e c h n i q u e , ( A w a p a r a  a n d  
S a t o  ( 1 9 5 6 ) ) ,  t o  r e m o v e  u r e a  a n d  a m m o n i a ,  a n d  a n i n h y d r i n  c o l o r i m e t r i c  
p r o c e d u r e  ( M e y e r ,  ( 1 9 5 7 ) )  f o r  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  a m i n o
N lT R O G E N .
T h e  a m i n o  a c i d s  w e r e  q u a l i t a t i v e l y  s e p a r a t e d  a n d  i d e n t i f i e d  b y
PAPER CHROMATOGRAPHY. T h e  UN I - D l M E N S  IONAL CHROMATOGRAMS WERE RUN U S IN G
a  5 0 : 1 0 : 4 0  m i x t u r e  o f  n - b u t a n o l ,  a c e t i c  a c i d  and w a t e r .  Two d i m e n s i o n a l  
CHROMATOGRAMS WERE RUN US IN G A 5 0 : 1 0 : 4 0  M IX TU R E  OF BUTANOL, C O L L I D I N E  AND 
WATER FOLLOWING THE A C I D  SOL VEN T.  I n  EACH CASE THE LOWER OR AQUEOUS PHASE 
WAS D I S C A R D E D .  THE LOCATION OF THE SPOTS WAS DET ERMINED BY D I P P I N G  THE 
PAPER I N  A SOL UT IO N  OF 0 . 2  PERCENT N I N H Y D R I N  IN  ETHANOL C O N TA IN IN G  
1 . 0  PERCENT P Y R I D I N E .  THE CHROMATOGRAMS WERE D R I E D  IN  AN INFRARED OV EN .
Re s u l t s  a n d  D i s c u s s i o n
T h e  r e s p o n s e  o f  t h e  n o r m a l  h e n s  t o  t h e  r a t i o n  t r e a t m e n t  i s  r e p r e s e n t e d  
i n  F i g u r e  9 .  I t w i l l  be n o t e d  t h a t  n i t r o g e n  i n t a k e  and r e t e n t i o n  was
GREATER ON THE 9 0 0  C ALO RIE  D I E T  THAN ON THE 8 0 0  CALORIE D I E T .  T h e  N ITROGEN  
EX C R ET IO N  WAS GREATER ON THE LOW-ENERGY D I E T .  F IG U R E  1 0  REPRESENTS THE 
RESPONSE OF THE SUR GI CAL LY M O D I F I E D  H ENS .  NOTE THAT THE RESPONSE IS
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SUMMATION OF RATION EFFECTS 
(SURGICALLY MODIFIED HENS)
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FECAL N I  u r in e  N i l ; ; ;r e t a i n e d  n
TABLE 2
N i t r o g e n  A n a l y s i s  D a t a ,  T r i a l  2
H en  R a t i o n  N i t r o g e n  F e c a l  M i l l i g r a m s  or U r i n a r y  N i t r o g e n  0 P e r c e n t a g e
No. N o .  I n t a k e ** N i t r o g e n ' T o t a l  NH  ^ Ur e a  Ur i c  Am i n o  Cr e a t .*" Co m p o s i t i o n  o f  Ur i n a r y  N i t r o g e n
Mgms. Mgms. A c i d  A c i d  NH3 U r e a  U r i c  Amino C r e a t .  U n -
_____________________________________________________________   Ac i d  Ac i d _k n o w n
9 *  1 5 / 9 0 0  
9*  1 5 / 8 0 0
5 9 7 7
2 7 8 8
1 5 6 4
5 3 4
2 1 5 7























12 1 5 / 9 0 0 7 4 8 3 1 4 1 2 3 1 9 9 8 3 9 141 2 1 4 9 3 3 1 9 2 6 4 6 7 1.0 0 .6 1 . 4
1 7  1 5 / 9 0 0 5 7 1 7 9 5 4 3 1 2 0 3 3 4 3 2 2 5 4 3 3 6 20 11 1 82 1.0 0 .6 4 . 4
Av e r a g e 6600 1 1 8 3 3 1 6 0 5 8 6 86 2 3 4 6 3 5 20 18 2 7 4 1.0 0 .6 2 . 9
12 1 5 / 8 0 0 7 1 9 7 1221 3 4 3 2 4 4 2 202 2 5 5 0 2 7 1 7 13 6 7 4 0 . 7 0 . 5 5 . 8
1 7  1 5 / 8 0 0 5 4 0 3 1 1 5 2 3 8 4 6 4 9 3 2 7 3210 2 8 1 8 1 9 84 0 . 7 0 . 5 4 . 8
Av e r a g e 6 3 0 0 1 1 8 6 3 6 3 9 246 2 6 5 2 8 8 0 2 8 1 8 7 8 7 9 0 . 7 0 . 5 5 . 3
*  No t  i n c l u d e d  i n  a v e r a g e s .-f
T o t a l  f o r  t h r e e  d a y  p e r i o d .




E S S E N T I A L L Y  THE SAME FOR THE TWO SUR GICAL LY M O D I F I E D  HENS AS FOR 
NORMAL HENS.
Of  THE E IG H T  S UR GI CALLY  M O D I F I E D  HENS STARTED ONLY THREE COMPLETED 
THE E X P E R I M E N T .  THE F I V E  LOSSES WERE DUE TO IN F E C T IO N  FOLLOWING SURGERY 
(TWO HENS)  AND TO THE HENS PEC KIN G THE WOUNDS AFTER HEALING HAD BEGUN
( t h r e e  h e n s ) .  T h e  d a t a  w a s  c o n s i d e r e d  v a l i d  f r o m  o n l y  t w o  o f  t h e  h e n s
COMPLETING THE E X P E R I M E N T .  T h e  OTHER HEN HAD LOST SO MUCH OF HER BODY 
WEIGHT THAT SHE COULD HARDLY BE CONSIDERED NORMAL. An  IN S P E C T I O N  OF
T a b l e  t w o  w i l l  s h o w ,  h o w e v e r , t h a t  i n  m a n y  r e s p e c t s  s h e  r e s p o n d e d  i n  t h e
SAME MANNER AS THE OTHER TWO HENS.
T h e  DATA FROM THE Q U A N T I T A T I V E  D ET E R M IN A T IO N S  OF THE URINARY NITROGEN  
COMPONENTS ARE SHOWN IN F IG U R E S  11 THROUGH 1 6 .  THE U R I C  A CI D  NITROGEN  
EXC RET ION WAS LOWER ON THE HIG H -E N ER GY  D I E T  WHEN EXPRESSED BOTH AS ACTUAL 
AMOUNTS AND AS A PERCENTAGE OF THE URINARY N IT R O G E N .  THERE WAS MORE 
AMMONIA NITROGEN EXCRETED ON THE HIGH ENERGY D I E T  WHILE THE UREA NITROGEN  
EXCRETED WAS GREATER ON THE LOW-ENERGY D I E T .
T h e  AMINO A C I D  NITROGEN EXCRETED WAS VERY LOW. A COMPARISON OF
F i g u r e  14. an d  F i g u r e  9  s e e m s  t o  i n d i c a t e  t h a t  t h e  a m i n o  a c i d  n i t r o g e n
LEVEL IN THE URINE WAS RELATED TO P R O T E I N  I N T A K E .  A L A N I N E ,  G L Y C I N E ,  
GLU TAMIC A C I D ,  C Y S T I N E ,  A R G I N I N E ,  AND ASPA RTIC  A CI D  WERE PRESENT IN ALL 
U RI NE  SAM PLE S.  H I S T I D I N E ,  O R N I T H I N E ,  L Y S I N E ,  T A U R I N E ,  AND C YS TE IN E  WERE 
ALSO PRESENT IN AT LEAST TWO U R IN E S WHILE T Y R O S I N E ,  HYDROX YPR OLIN E,  S E R I N E ,  
AND L E U C IN E  WERE PRESENT IN ONE U R IN E  IN A D D I T I O N  TO ALL AMINO AC ID S L I S T E D  
ABOVE. T h e  PA R T IC UL AR  UR IN E SAMPLE C O N TA IN IN G ALL THE L I S T E D  AMINO ACIDS  
WAS FROM A HEN WHICH L I T E R A L L Y  GORGED HERSELF ON THE HIGH  ENERGY D I E T  BUT 
UNFORTUNATELY WAS LOST BEFORE THE COLLECTIONS COULD BE COMPLETED,
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T h e  c r e a t i n e  e x c r e t i o n  ( F i g u r e  1 5 )  r e p r e s e n t s  t h e  t o t a l  c r e a t i n e  
p l u s  c r e a t i n i n e .  T h e  c r e a t i n i n e  n i t r o g e n  e x c r e t i o n  w a s  s o  l o w  a s  t o  b e  
i n s i g n i f i c a n t  ( 1 . 6  TO 2 . 9  MG. i n  t h r e e  d a y s ) .
T h e  e v i d e n c e  c o l l e c t e d  d u r i n g  t h i s  t r i a l  i n d i c a t e d  t h a t  t h e  s u r g i c a l  
m o d i f i c a t i o n  o f  t h e  h e n s  i n v o l v e d  d i d  n o t  a f f e c t  t h e i r  n i t r o g e n  m e t a b o l i s m .  
T h e  s u r g i c a l l y  m o d i f i e d  h e n s  u s e d  t h e i r  n i t r o g e n  a s  w e l l  a f t e r  s u r g i c a l  
m o d i f i c a t i o n  a s  t h e y  d i d  b e f o r e .
As WAS E X P E C T E D ,  THE CREATINE NITROGEN WAS R E L A T I V E L Y  CONSTANT. THE 
LACK OF NUMBERS L I M I T E D  THE CONCLUSION BUT C RE AT IN E  NITROGEN E X C R ET IO N  
MAY BE A B I O L O G I C A L  CONSTANT IN  AVIAN S P E C I E S .
T h e  o n l y  h y p o t h e s i s  w h i c h  c a n  p r e s e n t l y  b e  o f f e r e d  f o r  t h e  i m p r o v e d  
U T I L I Z A T I O N  OF NIT ROGEN ON THE H IG H -E N E R G Y  D I E T  IS  THAT THE A D D I T I O N A L  
ENERGY BROUGHT A80UT A DECREASE IN THE AMOUNT OF AMINO A CIDS DEAMINA TED  
AND USED FOR ENERGY.  THE CHANGE IN THE LEVELS OF AMMONIA,  U R I C  A C I D ,
AND UREA NITROGEN LEV EL S IN THE U R I N E  WERE, THE R EF OR E,  R E F L E C T IO N S  OF THE 
AMOUNT OF AMIN© ACIDS WHICH ENTERED D I F F E R E N T  ME TAB OLI C PATHWAYS.
T h e  INCREASED EXC RET ION OF AMMONIA NITROGEN ON THE H IG H -E N E R G Y  D I E T  
M IG H T MEAN A C O N D I T I O N  OF A C I D O S I S  ON THAT R A T I O N .  No T I T R  AT ABLE A C I D I T I E S  
OF THE U R I N E S  WERE RUN AND ONE CANNOT BE P O S I T I V E .  HOWEVER, IF  ONE EXAMINES  
THE TABLES OF F O L I N  ( 1 9 0 5 b )  HE W IL L  F I N D  THAT INCREASED AMMONIA NITROGEN  
E XC R ET IO N  WAS NOT N E C E S S A R I LY  CONCOMITANT WITH AN INCREASE IN T I T R A T A B L E  
A C I D I T Y .  I t SEEMED DOUBTFUL THAT THE CHANGE IN ENERGY LEVELS BETWEEN THE 
TWO D I E T S  EMPLOYED I N  T H I S  STUDY WOULD CHANGE THE T I T R A T A B L E  A C I D I T Y  
APPRECI  A BLY .
I t  WOULD SEEM ,  THEREFORE,  THAT THE CHANGES IN THE LE V E LS  OF THE URINA RY  
NIT ROGEN COMPONENTS MUST COME FROM A CHANGE IN  THE MAJOR S I T E S  OF NIT ROGEN  
CATABOLISM RATHER THAN FROM A CHANGE OF P H Y S I O L O G I C A L  C O N D I T I O N  AS REFLECTED
IN A C I D O S I S .  Su c h  an  H Y P O T H ES I S  m u s t  BE BASED u p o n  k n o w n  ENZYME SYSTEMS
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F U N C T l O N f N G  I N THE BODY OF THE VE R TEB R AT ES.  ENZYME SYSTEMS INVOLVED IN  
NITRO GE N  METABOLISM ARE KNOWN TO E X I S T  IN  Q U A N T IT Y  IN  THE L I V E R  AND 
K I D N E Y .  AS A WHOLE, THESE ENZYME SYSTEMS FOLLOW THE SAME METABOLIC  
P A T T E R N ,  JUDG ING  FROM THE ANALYSES OF "NORMAL”  HUMAN U R I N E .  T H E I R  EFFECT S  
ON THE NITROGEN COMPONENTS OF U R I N E ,  HOWEVER, SEEM TO I N D I C A T E  P O S S I B L E  
D IVER GEN CE IN  T H I S  I N S T A N C E .
L O T S P E I C H  AND P l T T S  ( 1 9 4 7 )  REPORTED THAT C E R T A I N  AMINO A CID S WERE 
O X I D A T I V E L Y  DE AM I NAT ED IN  THE K ID N E Y  AND THE AMMONIA EXCRETED IN THE U R I N E .  
T h e  AMOUNT OF AMMONIA EXCRETED WAS D ET E R M IN ED  TO A LARGE EXTENT BY THE 
CONCENTRATION OF AMINO A C I D  NITROGEN IN THE BLOOD.
I F ,  THE REF ORE,  THE AMINO A C ID S  FROM THE H IG H -E N E R G Y  D I E T  WERE SPARED  
D URI NG THE ME TAB OLISM OF THE L I V E R  BECAUSE THE R A T IO N  ENERGY LEVEL WAS 
H IG H  ENOUGH TO REDUCE THE USE OF THE AMINO A C I D  CARBON C H A IN  FOR ENERGY,
THE AMINO A CI D  LEV EL  OF THE BLOOD COULD BE SO H IG H  THAT THE AMINO AC ID S  
WOULD BE O X I D A T I V E L Y  DEAMI NATED I N  THE K ID N E Y  AND THE AMMONIA WOULD BE 
E XC R ET ED.  I f  THE AMMONIA WERE FORMED IN  THE L I V E R  I T  SHOULD BE EXCRETED  
AS U R I C  A C I D  OR P O S S I B L Y  X A N T H I N E .  T H I S  WOULD E X P L A I N  THE INCREASED  
AMMONIA N I T R O G E N ,  THE DECREASED U R I C  A C I D  N I T R O G E N ,  AND THE INCREASED  
AMINO ACI D NITROGEN E XC R ET IO N  ON THE H IG H -E N E R G Y  D I E T  AS COMPARED TO THE 
LOW-ENERGY D I E T .  THE S I M P L E  E XP LAN A TI O N  WOULD BE THAT THE NITROGEN  
EXCRETED AS AMMONIA WAS AN EXCESS M E T A B O L IT E  WHICH WAS E L I M I N A T E D  IN  T H I S  
MANNER.  THE CONCE NTR ATIO N OF ENERGY M E T A B O L IT E S  I N  THE L I V E R  FAVORED THE 
R E T E N T IO N  OF T H I S  NITROGEN AS C I R C U L A T I N G  AMINO A C ID S  AND LESS OF THE 
EXCESS NITROGEN WAS INCORPORATED INTO HYP OXANTHINE THUS REDUCING U R I C  
A C I D  E X C R E T I O N .
AT PRESENT I T  SEEMS IM PR A C TIC A L  TO H YP O T H E S I ZE  AS TO THE O R I G I N  AND
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REASON FOR THE INCREASED EXCRETION OF UREA NITROGEN ON THE LOW—ENERGY 
D I E T .  I f  ALL OF THE DIE TA R Y A RGININE  WAS ACTED ON BY KIDNEY ARGINASE,  
THERE WOULD HAVE BEEN ABOUT 4.00 MG. OF UREA NITROGEN IN THE URINEo T H I S  
D I E T  CONTAINED ABOUT 0 . 8 6  PERCENT AR G IN IN E  AS CALCULATED FROM AVERAGE 
ANALYSES.  T H I S  WOULD MEAN THAT 5 0  TO 7 5  PERCENT OF THE GUANID I NO 
NITROGEN FROM THE DIE TA R Y ARG ININE WAS EXCRETED AS UREA WHEN THE HENS 
WERE FED A D I E T  WITH A MARGINAL ARG ININE D E F I C I E N C Y .  ALTHOUGH T H I S  IS  
NOT IM P O S S I B L E ,  IT  DOES SEEM IMPROBABLE.
S u m m a r y
He ns r e t a i n e d  more  d i e t a r y  n i t r o g e n  f r o m  a d i e t  c o n t a i n i n g  15 p e r c e n t  
p r o t e i n  and 900 C a l o r i e s  p e r  p o u n d  o f  p r o d u c t i v e  e n e r g y  t h a n  f r o m  a d i e t  
c o n t a i n i n g  15  p e r c e n t  p r o t e i n  an d  8 0 0  C a l o r i e s  p e r  p ou n d  o f  p r o d u c t i v e  
e n e r g y .  T h i s  r e s p o n s e  was shown w i t h  n o r m a l  h e ns  and s u r g i c a l l y  m o d i f i e d
HENS AND DEMONSTRATES THAT SURGICAL M O D I F I C A T I O N  DOES NOT INTERFERE WITH  
NITROGEN METABOLISM.
I n c r e a s e d  e n e r g y  l e v e l  i n  i s o - p r o t e i n  r a t i o n s  b r o u g h t  a b o u t  an
INCREASE IN  THE AMOUNT OF AMMONIA NITROGEN EXCRETED,  A DECREASE IN THE 
AMOUNT OF URIC ACID EXCRETED,  A DECREASE IN THE AMOUNT OF UREA NITROGEN  
EXCRETED,  AND AN INCREASE IN  THE AMOUNT OF AMINO NITROGEN EXCRETED.
Cr e a t i n e  e x c r e t i o n  was  r e l a t i v e l y  c o n s t a n t  f o r  a  g i v e n  h e n  a n d  was
PO SS IBLY AS MUCH A BIOLOGICAL CONSTANT AS IS  CR EAT IN IN E  EXCRETION IN 
MAMMALS.
T h e  a m i n o  a c i d s  p r e s e n t  i n  t h e  u r i n e s  w e r e  d e t e r m i n e d  by  s i n g l e
AND TWO DIMENSIONABLE CHROMOTOGRAPHY. I t WAS FOUND THAT A LA N I N E ,  G L Y C I N E ,  
GLUTAMIC A C I D ,  C Y S T I N E ,  A R G I N I N E ,  AND ASPARTIC ACID WERE PRESENT IN ALL
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URINE SAMPLES.  H I S T I D I N E ,  O R N I T H I N E ,  L Y S I N E ,  T A U R I N E ,  AND CYSTEINE WERE 
ALSO PRESENT IN AT LEAST TWO URINES WHILE T Y R O S I N E ,  HYDKOXYPROLINE,  S E R I N E ,  
AND LEUCINE WERE PRESENT IN ONE URINE IN A D D IT IO N  TO ALL AMINO ACIDS L I S T E D  
ABOVE. T h e  p a r t i c u l a r  u r i n e  s a m p l e  c o n t a i n i n g  a l l  t h e  l i s t e d  a m i n o  a c i d s  
WAS FROM A HEN WHICH L IT E R A L L Y  GORGED HERSELF ON THE HIGH ENERGY D I E T .
I t IS  HYPOTHESIZED THAT THE INCREASED ENERGY LEVELS CAUSED THE 
NITROGEN TO FOLLOW CERTAIN METABOLIC PATHWAYS AT THE EXPENSE OF OTHERS.
SECTION THREE 
THE EFFECT OF DIETARY PROTEIN LEVEL UPON THE URINARY 
NITROGEN COMPONENTS OF THE DOMESTIC HEN
I n t r o d u c t i o n
I t  was shown i n  t h e  p r e v i o u s  s e c t i o n  t h a t  d i e t a r y  e n e r g y  l e v e l  h a d
AN EFFECT ON THE NITROGEN COMPONENTS OF HEN UR IN E#  AFTER A CAREFUL STUDY 
OF THAT DATA AND THE L I T E R A T U R E ,  I T  WAS DEC IDE D TO STUDY THE EFFECT OF 
D IE T A R Y  PR O TE IN  LEVEL UPON THE EXCRETION OF URI C A C I D ,  AMMONIA,  UREA,  
C R E A T I N E ,  AND AMINO ACID NITROGEN.  F o L I N  ( 1 9 Q 5 b )  BASED H I S  LAWS OF 
COMP OS IT I ON  OF HUMAN UR IN E UPON SUCH A S TU D Y.  AFTER SOME CONSIDERATION  
I T  WAS THOUGHT BEST TO CONDUCT A D E P L E T I O N  TYPE STUDY INSTEAD OF 
S H I F T I N G  FROM A H I G H - P R O T E I N  D I E T  TO A NOM-PROTEIN D I E T  AS F O L I N  D ID #
I T  WAS HOPED THAT P L O T T I N G  OF THE DAY TO DAY DATA OF THE URINARY NITROGEN  
COMPONENTS WOULD I N D IC A T E  THE PR O TE IN  LEVEL NECESSARY FOR M A I N T E N A N C E  
AND AT LEAST WOULD I N D IC A T E  THE ENDOGENOUS NITROGEN EXCRETION# I t  WAS 
HYPOTH ESIZED  THAT AS LONG A3 THE NITROGEN REQUIREMENT VMS MET OR EXCEEDED,  
THE URINARY NITROGEN EXCRETION WOULD DEPEND ON NITROGEN INTAKE BUT I F  THE 
MAI NT EN'A.NCE REQUIREMENT WAS NOT MET THEN THE HEN WOULD M O B I L I Z E  BODY 
STORES AND THE SLOPE OF THE L I N E  WOULD CHANGE#
E x p e r i m e n t a l  Pr o c e d u r e
The  h e n s  u s e d  i n  t h i s  e x p e r i m e n t  w e r e  t a k e n  f r o m  a g r o u p  o f  s t r a i n  
c r o s s ,  S. 0 . W h i t e  L e g h o r n s  w h i c h  was s e t  a s i d e  f o r  t h i s  e x p e r i m e n t  when
THEY WERE 1 8  WEEKS O L D .  I N I T I A L L Y  THEY WERE BROODED ON THE FLOOR AND
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MOVED TO THE RANGE AT E IG H T  WEEKS OF AGE, AT 1 8  WEEKS OF AGE THEY WERE
SELECTED AT RANDOM FROM THE RANGE AND PLACED IN I N D I V I D U A L  CAGES.
F i f t e e n  o f  t h e s e  h e n s  w e r e  s u r g i c a l l y  m o d i f i e d  t o  h a v e  e x t e r i o r i z e d  
RECTA ACCORDING TO THE METHOD OF D lX O N  ( 1 9 5 8 ) .  ONLY 1 0  OF THE 1 5  HENS 
L I V E D  OR WERE USABLE. FOUR OF THESE D I E D  BEFORE SUITABLE  C ANNUL AT I ON
TECHNIQUES WERE D E V I S E D ,  AS WAS EXPLAINED IN  SE C T IO N  ONE OF T H I S
D I S S E R T A T I O N .  Of THE REMAINING 1 0 ,  ONLY F I V E  WERE USED IN T H I S  T R I A L .
TWO OF THE F I V E  WHICH WERE NOT SELECTED BECAUSE THE LOCATION OF THE ANAL 
OPENING WOULD HAVE MADE COLLECTION D I F F I C U L T .  THE OTHER THREE D I D  NOT 
CONSUME S U F F I C I E N T  P U R I F I E D  D I E T .  WHEN THE BIRDS WERE SELECTED FOR T H I S  
STU D Y,  THEY HAD BEEN SURGICALLY M O D I F I E D  FOR TWO TO S I X  MONTHS. THEY  
WERE LAYING REGULARLY PRI OR  TO THE BEGINNING OF THE T R I A L .
T h e  B IRDS WERE IN LARGE CAGES DURING THE T R I A L  AND THE METHOD OF 
COLLECTION USED WAS THE ONE DESCRIBED IN THE F I R S T  SECTION OF T H I S  
D IS S E R TA T IO N  WHICH U T I L I Z E D  COLLECTION VESSELS MADE OF POLYETHYLENE BOTTLES.
T h e  u n c o n s u m e d  f e e d  was  w e i g h e d  b a c k  a n d  d i s c a r d e d  a t  m i d n i g h t  e a c h  n i g h t ,
THE NEXT d a y ’ s  RATION WEIGHED OUT ,  AND THE L IG HT S  YiERE TURNED O F F .  FECES  
AND URINE COLLECTIONS FOR A GI VEN  DAY WERE COMPLETED AT 9s30  O'CLOCK A.M.
OF THE FOLLOWING DAY.  T H I S  WAS DONE IN  ORDER FOR THE HENS TO COMPLETELY 
PASS THE UNDIGESTED MATERIAL FROM THE PREVIOUS D A Y 'S  F E E D I N G .  T h e  HENS 
HAD TO EAT THE P U R I F I E D  D I E T  IN ORDER TO HAVE A FECAL EXCRETION ON A GI VEN
DAY AND IT  WAS REASONED THAT THEY MUST EAT A PORTION OF THE NEXT D A Y 'S
RATION IN ORDER TO CLEAN T HE IR  D I G E S T I V E  TRACTS OF THE PREVIOUS D A Y 'S  
R A T I O N .
T h e  FORMULA OF THE D I E T  IS SHOWN IN TABLE THREE AND TABLE FOUR. THE
N O-P ROTEIN BASAL PREMIX ACTUALLY ASSAYED 1 . 0  PERCENT CRUDE PRO TEI N (N X  6 . 2 5 ) .
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TABLE 3 
L o w - P r o t e i n  B a s a l  D i e t
I n g r e d i e n t P e r c e n t
C o r n  S t a r c h 5 0
C e r e l o s e 2 7 . 5 0
V e g e t a b l e  O i l 5 . 0
Ag a r 2 . 5 0
Me t h y l  C e l l u l o s e 1 . 2 5
V i t a m i n  M i x * 1 . 2 5
J o n e s  F o s t e r  S a l t  M i x t u r e 5 . 6 2 5
O y s t e r  S h e l l 2 . 5
D i C a l 2 . 5
( A L )  ( S i  0 2 ) . 6 2
M i c r o  M i n e r a l  M i x * * 1 2 5  GR.  OR . 1 3
NA CL . 6 2 5
C h r o m i c  O x i d e . 2 5
*  T h e  V i t a m i n  S u p p l e m e n t S U P P L I E D  THE FOLLOWING AMOUNT OF THE VARIOUS
FACTORS PER POUND OF R A T I O N .
N ame
T h i a m i n e  H c l 1 1 . 3 0  GM. 2 M e t h y l  N a p t h a q u i n o n e 2 . 2 7  Gt
R i b o f l a v i n 7 . 2 6  GM. N i a c i n 68 .18
C a  P a n t o t h e n a t e 9 * OS GM. C h o l i n e 8 0 0 . 0 0
V i t a m i n  &12 0 . 0 0 9 G M . DPPD 1 . 1 3
P y r i d o x i n e  Hc l 2 . 7 2 0 G M . V i t a m i n  A 4000 IU
B i o t i n 0 0 . 2 7  GM. V i t a m i n  D3 7 5 0  ICU
F o l i c  Ac i d 1.S2 GM. V i t a m i n  E (2  T o c o p h e r o l ) 10 IU
I N O S IT O L 4 5 . 4 5  GM.
* * S U P P L IE D  THE FOLLOWING AMOUNT OF TRACE ELEMENTS*  
Wlo 1 0  p p m .  Br  8 . 0  p p m .















R a t i o n s  F e d  i n  T r i a l  3
No - P r o t e i n  E x t r a c t e d  Cr u d e  Eg g  T o t a l
B a s a l  Eg g  P r o t e i n  P r o t e i n  R a t i o n
______________________________________________________________________     Al l o w a n c e
Gm s . Gm s . P e r c e n t P e r c e n t Gm s .
80 1 9 .2 14 .5 1 3 .7 99 .2
80 16.6 13 .5 1 2 .7 96.6
80 14.1 12.2 11 .3 94.1
80 11 .5 1 0 .5 9 .6 91 .5
80 9 .0 8 .2 7 .3 8 9 .0
80 7 .7 7 .2 6 .3 87 .7
80 6 . 4. 6 .7 5 .8 86.4
80 5.1 5 .4 4 .5 85.1
80 3 .8 4 .2 3 .2 8 3 .8
80 2 .6 3 .2 2 .2 8 2 .6
80 1 .3 2 .5 1 .5 8 1 .3
80 0 .0 1 .0 0 .0 8 0 .0
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The g r e a t e r  p o r t i o n  o f  t h i s  was p r o b a b l y  d u e  t o  t h e  v i t a m i n  s u p p l e m e n t
ALTHOUGH THE CORN STARCH UNDOUBTEDLY CONTAINED A SMALL AMOUNT OF CRUDE 
P R O T E I N .  T h e  RATIONS w e r e  c a l c u l a t e d  t o  y i e l d  a s t a r t i n g  p r o t e i n  l e v e l  
OF 15  PERCEN T.  THE RATION NUMBER IN  THE LEF T-H AND COLUMN OF TABLE FOUR 
CORRESPONDS TO THE PRO TEI N LEVEL CALCULATED FROM THE NITROGEN CONTENT OF 
THE EXTRACTED EGG AND THE N O-P R OT EI N  BASAL PRIOR TO M I X I N G  AND P E L L E T I N G .  
T h e  DECREASE IN  PR O TE IN  LEVEL FROM THE THEORETICAL VALUE TO THAT FOUND 
BY THE KdELDAHL ANALYSIS IS  BEL IEV ED  TO BE DUE TO THE A D D IT IO N  OF WATER 
DURING P EL L E T I N G  ALTHOUGH THE PELLETS WERE D R I ED  BEFORE USE.
T h e  RIGHT HAND COLUMN (TaB LE FOUR) G IV ES  THE ACTUAL FEED ALLOWED 
WHEN THE BIRDS WERE FED THE F I N I S H E D  R A T I O N .  T H I S  WAS CALCULATED TO 
REPRESENT THE MAXIMUM AMOUNT OF THE NO -PR OT EIN  BASAL WHICH THE HENS HAD 
CONSUMED DURING A ONE WEEK PER IOD  ONE MONTH PRIOR TO THE BEGINNING OF 
THE EXP E R IM E N T.  DURING THE T IME  T H I S  VALUE WAS DETERMINED THE HENS 
REC EIVED A 15  PERCENT PRO TEIN RATION FORMULATED FROM THE BASAL NO-PR OTEIN  
D I E T ,  Z I E N ,  DRACKETT P R O T E I N ,  AND WHOLE D R IE D  EGG. Ze  I N CONTRIBUTED  
FOUR PERCENT,  DRACKETT CONTRIBUTED 1 0  PERCENT,  AND WHOLE EGG CONTRIBUTED  
ONE PERCENT OF THE PRO TEIN IN T H I S  D I E T .  IF A HEN D I D  NOT EAT 2 5  PERCENT 
OF THE AVERAGE INTAKE FOR A GI VEN  DAY,  THE DATA FOR THAT HEN WAS NOT USED 
IN  COMPUTING THE D A I L Y  AVERAGE.
T h e  EXTRACTED EGG WAS PREPARED IN THE POULTRY DEPARTMENT LABORATORY 
a t  t h e  Lo u i s i a n a  St a t e  Un i v e r s i t y .  Dr i e d  w h o l e  e g g  ( A n h e u s e p , Bu s c h ,
St * L o u i s ,  M o . )  was f i r s t  e x t r a c t e d  f o r  24 h o u r s  w i t h  a 3:2  m i x t u r e  o f
ACETONE AND ALCOHOL FOLLOWED BY A 2 4  HOUR EXTRACTION WITH D IE TH Y L  ETHER.  
T h e  P I N K I S H - W H I T E  POWDER OBTAINED HAD A PROTEIN CONTENT OF 7 9  PERCENT
(N X  6 . 2 5 ) .  T h e  p r o d u c t  w as  v e r y  d i g e s t i b l e ? h e n  t h r e e ,  o n  r a t i o n s
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1 3 ,  1 1 ,  9  AND 7  D IG E S T ED  1 0 0  PERCENT OF HER P R O TE I N  IN TAK E*  T H I S  SEEMS 
TO BE UNUSUALLY GOOD BUT THE D I G E S T I B I L I T Y  C O E F F I C I E N T S  WERE ALL U N I ­
FORMLY HIGH  AT THE HIGHER LEVELS OF IN TAK E.
T h e  e x p e r i m e n t a l  p l a n  w a s  t o  REDUCE t h e  p r o t e i n  i n t a k e  e a c h  d a y  i n
SUCH A MANNER THAT ON THE 12TH DAY AND FOR TWO DAYS THEREAFTER THE HENS 
WOULD REC EIVE NO SUPPLEMENTAL EGG P R O T E I N ,  On THE 15TH  DAY THE HENS 
R E C E IV E D  NO FEED VVH ATEVER, 'SATER WAS BEFORE THE BIRDS AT ALL T I M E S *
T h e  d a i l y  u r i n e  c o l l e c t i o n s  v;e r e  h a n d l e d  as  d e s c r i b e d  i n  t h e  Ap p e n d i x  
( S e c t i o n  I I ) .  T h e  f e c e s  w e r e  w e i g h e d  i n  t a r e d  c o l l e c t i o n  b o t t l e s ,  t r a n s ­
f e r r e d  TO S I X  OUNCE WIDE MOUTHED, POLYETHYLENE BOTTLES AND FROZEN IM M E D I A T E L Y .
T h e  TOTAL NITROGEN IN  THE F EE D ,  FECES AND URINE WAS DETERMINED BY THE 
KJELDAHL PROCEDURE. I n A D D I T I O N ,  THE AMOUNT OF U RI C  ACID N IT R O G EN ,  AMMONIA 
N IT R O G E N ,  UREA N IT R O G E N ,  CREATINE N IT R O G E N ,  AND C R E A T I N I N E  N IT RO GE N,  WAS 
DETERMINED FOR EACH I N D I V I D U A L  URINE C O L LE C T IO N .  T h e  AMINO ACID NITROGEN  
WAS DETERMINED ON A COMPOSITE SAMPLE OF 0 . 5  PERCENT OF THE TOTAL URINE  
COLLECTED EACH DAY (ALL  H E N S ) .  T H I S  WAS DONE BECAUSE IN T R I A L  TWO IT  WAS 
FOUND THAT THE AMINO A CI D  NITROGEN REPRESENTED ONLY 0 . 7  TO 1 . 0  PERCENT OF 
THE TOTAL URINARY NITROGEN AND THE D ETERM IN AT IO N  WAS NOT WELL ADAPTED TO 
NUMEROUS, ROUTINE D E T E R M IN A T IO N S .
T o w a r d  t h e  e n d  o f  t h e  t r i a l  ( 12t h  d a y )  t h e  a u t h o r  i n a d v e r t a n t l y  t a s t e d
A U R IN E  SAMPLE AND IT  TASTED VERY SWEET.  I t SEEMED APP ROP RIAT E,  THEREFORE,
TO DETERMINE CARBOHYDRATE AND THE ANTHRONE METHOD WAS USE D .  THE D I L U T I O N  
AND SAMPLING TECHNIQUES AND THE METHODS OF ANALY SIS  FOR ALL THESE URINARY  
COMPONENTS APPEAR IN  THE APPENDIX ( S E C T I O N  I I ) .
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R e s u l t s  a n d  D i s c u s s i o n
T h e  r e s u l t s  o f  t h i s  t r i a l  a p p e a r  i n  t a b u l a r  f o r m  i n  t h e  A p p e n d i x  
( S e c t i o n  I ) .  T h e  n i t r o g e n  b a l a n c e  d a t a  a r e  s u m m a r i z e d  i n  T a b l e  I a n d
THE URINARY NITROGEN D A T A ,  EXCEPT THE AMINO ACID NITROGEN DA TA ,  ARE 
SUMMARIZED IN TABLE I I .  GRAPHIC P RE SEN TAT IO NS  OF THESE DATA APPEAR IN  
F i g u r e s  1 7  t h r o u g h  25 .  I n  t h e s e  f i g u r e s ,  t h e  p a r t i c u l a r  c o m p o n e n t  b e i n g  
CONSIDERED IS  PLOTTED ON THE Y A X I S  AGAINST THE DAY OF D E P L E T I O N  AND THE 
CORRESPONDING EGG P R O TE I N  LEVEL IN THE RA T IO N  ON THE X A X I S .
In  F i g u r e  17 t h e  r e l a t i o n s h i p  b e t w e e n  t h e  s u p p l e m e n t a r y  p r o t e i n
LEVEL AND THE ABSORBED NITROGEN IS  PRE SEN TED .  W IT H  THE E XC EPT IO N  OF ONE 
P O I N T  ( T H I R D  D A Y ) ,  THE R E L A T I O N S H IP  IS  A L I N E A R  ONE. On THE T H I R D  DAY 
THE FEED CONSUMPTION DROPPED,  AND THE NITROGEN ABSORPTION DROPPED 
CORRESPONDINGLY. THE PLATEAU BETWEEN THE S I X T H  AND SEVENTH DAY WAS 
PROBABLY DUE TO THE SMALL D IF FE R EN C E IN  P R O T E I N  LEVEL BETWEEN THE TWO 
RAT IO N S .
T h e  e f f e c t  o f  p r o t e i n  l e v e l  o n  t h e  u r i n a r y  n i t r o g e n  e x c r e t i o n  
( F i g u r e  1 8 )  s h o w s  a l i n e a r  r e l a t i o n s h i p  d o w n  t o  a l e v e l  o f  6 , 3  p e r c e n t
SUPPLEMENTARY P R O T E I N .  BEYOND THAT P O I N T  THERE ARE INCREASES IN NITROGEN  
EXC RETION PRECEDED AND FOLLOWED BY LOWER NITROGEN E X C R E T I O N S .  HOWEVER,
THERE IS AN OVERALL DECREASE IN  URINARY NITROGEN E X C R ET IO N  AS THE P R O TE I N  
LEVEL OF THE RA T IO N  DECREASES. NOTE THE INCREASE IN EXC RET ION BETWEEN THE 
1 4 t h  AND 1 5 t h  DAYS.  On THE LATTER DAY THE BIR DS  R E C E IV E D  NO FEED WHATEVER.  
T h e  OBSERVED PATTERN IN D IC A T E S  THAT THE ENERGY INTAKE ON THE 1 3TH AND 14.TH 
DAYS PROBABLY SPARED BODY P R O T E I N .  A COMPARISON OF THE VALUES FOR THE T H I R D
d a y  i n  F i g u r e  1 7  a n d  F i g u r e  1 8  l e a d s  o n e  t o  s u r m i s e  t h a t  r a t i o n  p r o t e i n
LEVEL HAS MORE EFFECT ON THE URINARY NITROGEN EXC RET ION THAN THE AMOUNT OF 
ABSORBED NITRO GE N.
F I G U R E  17 
□AY OF D E P L E T IO N  AND P R O T E IN  LEVEL
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In F i g u r e  1 9  t h e  e f f e c t  on  t h e  u r i c  a c i d  e x c r e t i o n  i s  o b s e r v e d .
T h e  r e l a t i o n s h i p  b e t w e e n  p r o t e i n  l e v e l  a n d  u r i c  a c i d  e x c r e t i o n  i s  n e a r l y  
L I N E A R  BETWEEN THE 1 2 . 7  PERCENT AND THE 6 . 3  PERCENT SUPPLEMENTARY P R O T E I N  
LE VELS WI TH  A PLATEAU BETWEEN THE 6 . 3  PERCENT AND 5 . 3  PERCENT L E V E L S .
B e y o n d  t h e  s e v e n t h  d a y  t h e  e x c r e t i o n  i s  v e r y  e r r a t i c  f r o m  d a y  t o  d a y
BUT FROM THE F I R S T  DAY TO THE 1 4 T H  DAY THERE IS  AN O V E R A L L ,  GRADUAL DROP 
I N  U R I C  A C I D  E X C R E T I O N .
T h e  a m m o n i a  n i t r o g e n  e x c r e t i o n  ( F i g u r e  2 0 )  f o l l o w s  t h e  s a m e  p a t t e r n
AS THE U R I C  A C I D  E X C R ET IO N  WITH THE E X C E P T I O N  THAT I T  I S  MUCH MORE E R R A T I C  
FROM DAY TO D A Y .  I f  THE SOURCE OF THE U R I N A R Y  AMMONIA I S  THE O X I D A T I V E  
D E A M I N A T I O N  OF THE C I R C U L A T I N G  AMINO A C I D S  ( L O T S P E I C H  AND P l T T S ,  ( 1 9 4 7 ) ) ,
THEN I T  WOULD SEEM L I K E L Y  THAT SUCH A DROP AS THAT OCCUR ING BETWEEN THE 
F I F T H  AND S I X T H  DAYS MUST REFLECT A CHANGE IN  THE LEVEL OF C IR C U L A T I N G  
AMINO A C I D S .  OF AMMONIA E XC R E T IO N  ONE CAN SAY THAT A DECREASE IN  THE 
P R O T E I N  LEVEL OF THE R A T IO N  W IL L  BRING ABOUT AN OVERALL DECREASE IN  
AMMONIA E X C R E T I O N .
T h e  u r i n a r y  a m i n o  a c i d  n i t r o g e n ,  a c c o r d i n g  t o  t h e  c u r r e n t  t h e o r y ,
I S  A S P I L L - O V E R  FROM THE BLOOD WHICH I S  NOT RESORBED IN  THE K ID N E Y  T U B U L E S .
T h e  d a t a  f r o m  t h i s  e x p e r i m e n t  ( F i g u r e  2 1 )  d o e s  n o t  p a r t i c u l a r l y  s u p p o r t
T H I S  V IE W  UNLESS THE O X I D A T I V E  D E A M I N A T I O N  OF THE AMINO A C I D S  IN THE 
K I D N E Y S  IS  REDUCED DURIN G P R O T E I N  D E P L E T I O N .  (COMPARE F I G U R E S  2 0  AND 2 1 ) .
Ce r t a i n l y ,  t h e  a m i n o  a c i d  n i t r o g e n  e x c r e t i o n  r e m a i n e d  v e r y  c o n s t a n t  d u r i n g  
t h i s  e x p e r i m e n t .
Th e  u r e a  n i t r o g e n  e x c r e t i o n  w a s  v e r y  e r r a t i c  f r o m  d a y  t o  d a y  ( F i g u r e  2 2 ) .  
T h e  e n e r g y  l e v e l  o f  t h e  r a t i o n  d i d  n o t  f a v o r  u r e a  e x c r e t i o n  p a r t i c u l a r l y  b u t
THERE WAS AN OVERALL DECREASE IN  UREA EXC R E T IO N  FROM THE F I R S T  TO THE 
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PATTERN WHICH OCCURS AFTER THE SEVENTH D A Y .  I F  THE UREA I S  D E R IV E D  
SOLELY FROM A R G I N I N E ,  THERE WAS A CONSIDERAOLE M O B I L I Z A T I O N  OF A R G IN IN E  
ON THE E IG H TH  DAY AND IN D E E D ,  THc C RE AT IN E  EXC RET ION ( F l G U R E  2 3 )  SEEMS 
TO IN D I C A T E  SOME INCREASE IN  A R G IN IN E  CATABOLISM D I D  OCCUR D URING  T H I S  
P E R I O D ,  T h e  DATA REPRESENTS THE TOTAL EXC R ET IO N  OF C RE ATI NE AND C R E A T I N I N E .
T h e  f l u c t u a t i o n s  i n  c r e a t i n e  e x c r e t i o n  s e e m  t o  r e f l e c t  a  v e r y  p o w e r f u l
INATE A B I L I T Y  OF THE HEN TO CONTROL HER NITROGEN CATABOLISM W I T H I N  C ER T A I N
l i m i t s .  C e r t a i n l y ,  t h e  v a r i a t i o n s  i s  n o t  v e r y  g r e a t  w h e n  c o m p a r e d  t o  t h e
TOTAL URINARY NITROGEN E X C R E T I O N ,  BUT,  THE LOWEST VALUE REPRESENTS A 
DECREASE OF APPROX IMATELY 3 3  PERCENT FROM THE F I R S T  DAY OF THE E X P E R I M E N T .
I T  I S  I N T E R E S T I N G  THAT THE E XC R ET IO N  OF THE UNKNOWN NITROGEN COMPONENTS
( F i g u r e  24 ) t e n d e d  t o  v a r y  i n  a m a n n e r  s i m i l a r  t o  t h a t  o f  c r e a t i n e .  I f  t h e
COMPLETE PATTERN IS  CONSIDERED THERE IS  A TENDENCY FOR T H I S  E XC R ET IO N  TO 
REMAIN CONSTANT.
T h e  d a t a  i n  F i g u r e  25 w e r e  u n e x p e c t e d .  In t h e  c o n c e p t i o n  o f  t h i s
EXPERIMENT I T  WAS NOT SUSPECTED THAT THE P R O T E I N  LEVEL OF THE R A T IO N  WOULD 
AFFECT THE CARBOHYDRATE E X C R E T I O N .  THERE I S  L I T T L E  DOUBT THAT THERE WAS 
A R E L A T I O N S H I P  UNDER THE C O N D I T I O N S  OF T H I S  E X P E R I M E N T .  THE R I S E  IN  
CARBOHYDRATE EXC R ET IO N  BECAME VERY PRONOUNCED BETWEEN THE SEVENTH AND 
TH I R T E EN T H  DAY OF THE E XP ERI ME NT AND AT THE SAME T IM E  THERE WAS A VERY 
ERRATI C EXC RETION OF THE NITROGEN COMPONENTS CHARACTERIZED BY DAY TO DAY  
INCREASES AND DECREASES.  T H I S  R E L A T I O N S H I P  WAS Q U IT E  E V I D E N T  IN THE EXCRE­
T I O N  OF UREA,  CR EA TI NE  AND U R I C  A CI D  AND LESS E V I D E N T  IN  THE EXCRETION OF 
AMMONIA AND THE UNKNOWN COMP ONE NT( s) .  THE AMlNO NITROGEV COMPONENT SHOWS 
NO MARKED CHANGE DURING T H I S  P E R I O D .
F IG U R E  2 3
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T h e  d a t a  p r e s e n t e d  h e r e  i n d i c a t e  t h a t  t h e  h e n  h a s  a n  a b i l i t y  t o
ADJUST HER NIT ROG EN  ME TAB OLI SM IN ACCORDANCE WI TH  THE REQ UIREMENTS  
E S T A B L I S H E D  BY HER P R O T E I N  I N T A K E .  A STUDY OF THE V A R IO U S  GRAPHS AND 
TABLES I N D I C A T E S  THAT THE MAINTENANCE REQUIREMENT FOR THE GROUP WAS MET 
AT ABOUT 6 . 3  TO 5 .3  PERCENT SUPPLEMENTAL EGG P R O T E I N .  A STUDY OF THE 
WEIGHT G A IN S  (TABL E I ,  A PPE ND IX S E C T IO N  I )  SHOWS THAT P R I O R  TO THE 
SEVENTH DAY THE WEIGHT G A IN  OR LOSS OF THE I N D I V I D U A L  HENS DEPENDED MORE 
UPON FEED INTAKE THAN UPON R A T IO N  P R O T E I N  L E V E L .  AFTER THE SEVENTH DAY 
THE HENS C O N SI ST E N T L Y  LOST BODY WEIGHT EXCEPT IN  C ER T A I N  S P E C I F I C  IN S TA N C E S .
T h e  h e a v i e r  h e n s  b e g a n  l o s i n g  w e i g h t  b e f o r e  t h e i r  l i g h t e r  s i s t e r s .
T e n  o f  t h e  1 5  e g g s  l a i d  d u r i n g  t h e  t r i a l  w e r e  l a i d  on  o r  b e f o r e  t h e  
s e v e n t h  d a y .  T h e  a v e r a g e  h e n  g a i n  on  t h e  d a y  an  e g g  w a s  l a i d  was  -1 6  g m s .
UP THROUGH THE SEVENTH DAY BUT WAS - 8 7  GMS.  AFTER THE SEVENTH D A Y .  A 
COMPARISON OF THE HEN WEIGHTS BETWEEN THE MORNING OF THE F I R S T  DAY ( 1 0 / 1 6 )
AND THE MORNING OF THE E IG H T H  DAY ( 1 0 / 2 3 )  SHOWED THAT ONLY THE H E A V IE R  HEN
(NO. 3 )  HAD S U S T A I N E D  A C O N S IS T E N T  WEIGHT L O S S .  ALTHOUGH THE WEIGHT LOSS 
WAS N E G L I B I B L E ,  THE EGG PRODUCTION WAS RED UCED.  I n  THE WEEK P R I O R  TO THE 
EXP E R IM E N T  THE HENS WERE FED A P U R I F I E D  R A T IO N  C O N T A IN IN G  1 5  PERCENT P R O ' X I N  
(FOUR PERCENT FROM Z E I N ,  1 0  PERCENT FROM D r A C K E T T ,  AND ONE PERCENT FROM 
WHOLE D R I E D  EGG) .  D UR IN G T H I S  P E R I O D  THE F I V E  HENS L A I D  1 8  EGGS.
T h e r e  w a s  n o  i n t e n t i o n  t o  r e l a t e  th e  l e v e l  o f  e g g  p r o t e i n  i n  t h e
R A TIO N  TO EGG PRODUCTION FROM THE B E G IN N I N G  TO THE END OF THE EXP ERI ME NT  
BUT THE FACT THAT EGG PRODUCTION AFTER THE SEVENTH DAY WAS ACCOMPANIED BY 
SUCH A GREAT WEIGHT LOSS DOES IN D I C A T E  THAT THE HENS REQ UI RE D  AT LEAST  
5 . 8  PERCENT EGG P R O T E I N  JUST FOR THE MAINTENANCE OF NORMAL BODY F U N C T I O N S .
Th i s  c o r r e s p o n d s  t o  an i n t a k e  o f  a b o u t  3 . 3  g r a m s  o f  egg  p r o t e i n ,  c a l c u l a t e d
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FROM THE AVERAGE FEED CONSUMPTION FOR THE SEVENTH DAY OF THE T R I A L .
A R I Y O S H l  ( 1 9 5 7 )  STATED THAT THE MAINTENANCE P R O T E I N  LEVEL MAY BE 
LOWER THAN 1 . 8  GMS. OF THE WHOLE EGG P R O T E I N  PER D A Y .  IN H I S  T R I A L S  HE 
ACTUALLY DEPLETED  H I S  BIR DS  OVER A P E R IO D  OF 4 2  D A Y S,  TO D ET E R M IN E  THE 
ENDOGENOUS NITROGEN E X C R E T I O N .  THEN HE ALLOWED THEM A P E R I O D  OF 2 2  DAYS  
TO REG AIN  SOME OF T H E I R  LOST W E IG H T ,  AND,  AGAIN PLACED THEM ON A D E P L E T I O N  
R A TIO N  FOR 1 4  DAYS (ONE GM. OF D R I E D  EGG PER DAY AS A SOURCE OF P R O T E I N ) .
He THEN FED D I F F E R E N T  I N D I V I D U A L  B IR DS  E I T H E R  THREE OR F I V E  PERCENT WHOLE 
EGG FOR N IN E  D A Y S.  A CLOSE E X A M I N A T IO N  OF THE WEIGHT DATA SHOWS THAT SOME
OF THE B IR D S  BECAME ADAPTED TO THE LO W -P R O T E * N RA T IO N S  WHILE OTHERS D I D  N O T .
T h i s  m a y  h a v e  a f f e c t e d  h i s  d e t e r m i n a t i o n  o f  t h e  e n d o g e n o u s  n i t r o g e n  e x c r e ­
t i o n .
I n  t h e  s t u d y  r e p o r t e d  i n  t h i s  d i s s e r t a t i o n  t h e r e  w e r e  t w o  p l a t e a u s
IN THE U RI NA RY  NIT ROGEN E XC R E T IO N  ( F I G U R E  1 8 ) .  THE NITROGEN EXC R ET IO N  AT 
THE MAINTENANCE P R O T E I N  LEVEL (SEVENTH DAY )  WAS 3 0 4  MGMS. AND ON THE NON­
P R O T E I N  R A T IO N  (DAYS 1 3  AND 1 4 )  THE U RI NAR Y E X C R ET IO N  WAS 1 8 0  TO 1 8 6  MGMS.
THE U RI NA RY  NIT ROGEN E XC R ET IO N  AT THE MAINTENANCE LEVEL WAS ABOUT 1 0 0  MGMS.  
H IG H E R  THAN THAT FOUND IN A R I YO SH I  1S TABLES AMD H I S  DATA REPRESENTED H EA V IE R
b i r d s .  Ho w e v e r ,  h e  u s e d  c o c k s  a n d  c a p o n s  a n d  t h e  s e x  d i f f e r e n c e  m a y  i n f l u e n c e
THE U RI NA RY  n i t r o g e n  EXC R ET IO N  AT MAINTENANCE P R O T E I N  L E V E L S .  T h e  U RI NAR Y  
NITROGEN EXC RET ION  ON THE N O - P R O T E I N  D I E T S  FED IN T H I S  STUDY WAS ABOUT 4 2  MGMS.  
LOWER THAN THAT CALCULATED FROM A r I Y O S H I ' s  WORK ( 1 8 5  MGMS. AGAINST 2 2 7  M G M S . ) .  
H e r e  a g a i n  t h e  s e x  d i f f e r e n c e  a n d / o r  t h e  d i f f e r e n t  m e t h o d  o f  d e p l e t i o n  may
HAVE INFLUENCE D THE R E S U L T .
I t WAS NOT THE IN T E N T I O N  IN THE D ES IG N  OF T H I S  STUDY TO D ETE RMINE  THE
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BIOLOGICAL VALUE OR D I G E S T I B I L I T Y  OF THE EGG P R O T E I N .  THE DATA ARE 
INCLUDED IN THE APPENDIX SEC TIO N I ,  TABLE I FOR POS SIB LE  LATER USE OR 
SPECULATION AND WILL NOT BE FURTHER D IS C U S SE D .
T h e  URINARY NITROGEN EXCRETION DATA ARE CONSIDERED ADEQUATE ENOUGH 
TO G I V E  ONE AN IDEA OF THE EFFECT OF LOWERING THE PROTEIN LEVEL IN A 
RATION WHILE ALLOWING A POSSIBLE CONSTANT ENERGY IN T A K E .  Of THE URINARY  
NITROGEN COMPONENTS S T U D I E D ,  ONLY THE UREA AND CREATINE NITROGEN EXCRETIONS  
D I D  NOT FOLLOW THE EXPECTED PATTERN .  IT WAS EXPECTED THAT THE CREATINE  
EXCRETION WOULD REMAIN MORE CONSTANT AND THAT THE UREA EXCRETION WOULD 
DECREASE WITH THE DECREASE IN PROTEIN L E V E L .  WHEN THE RESULTS OF T H I S  
EXPERIMENT ARE COMPARED WITH THE RESULTS OF T R I A L  TWO, IT  I S  D I F F I C U L T  TO 
RELATE ALL OF THE UREA EXCRETION WITH ARG IN IN E  METABOLISM.  A GREAT DEAL 
MORE WORK ALONG T H I S  L I N E  IS  IN D I C A T E D .
T h e  INCREASED URINARY CARBOHYDRATE EXCRETION ASSOCIATED WITH THE 
DECREASE IN PRO TEI N LEVEL G I V E S  R IS E  TO ANOTHER INTER EST ING QUEST ION .
F r o m  t h e  d a t a  h e r e i n  p r e s e n t e d ,  t h i s  p h e n o m e n a  c a n  o n l y  be  a s s o c i a t e d
WITH AN ATTEMPT OF THE BIRDS TO ADAPT TO A LOWERED PRO TEIN LEVEL IN THE 
RATIONJ THE FUNDAMENTAL R ELA TI ON SH IP  IS OBSCURE.
S u m m a r y
A 14. DAY PRO TEI N DEP LET ION  STUDY WAS RUN WITH F I V E  SURGICALLY M O D I F I E D  
S .  C .  W h i t e  L e g h o r n  f e m a l e s .  T h e  s u p p l e m e n t a r y  eg g  p r o t e i n  l e v e l  o f  t h e  
RATION WAS DECREASED FROM 1 3 . 7  PERCENT ON THE F I R S T  DAY TO ZERO ON THE 
1 2 t h  d a y .  On t h e  1 5 t h  d a y  t h e  h e n s  w e r e  s t a r v e d .  Eac h d a y  s e p a r a t e
COLLECTIONS OF URINE AND FECES WERE MADE. THE TOTAL NITROGEN OF THE F EE D ,  
FEC ES,  AND URI NE WERE D ETE RMINED,  IN A D D IT IO N  THE D A I L Y  EXCRETION OF URI C  
A C I D ,  AMMONIA, UREA, AND CREATINE NITROGEN WERE D ETE RMINED.  AMINO ACID
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NITROGEN WAS DETERMINED ON A COMPOSITE SAMPLE OF URI NE REPRESENTING  
1 / 2 0 0 T H  OF THE TOTAL URINE EXCRETED.
I T  WAS FOUND THAT:
( 1 )  As THE PRO TEIN LEVEL DECREASED THE AMMONIA AND URIC ACID  
NITROGEN EXCRETION DECREASED.
( 2 )  T h e  u r e a  n i t r o g e n  e x c r e t i o n  i n  t h e  u r i n e  v a r i e d  e r r a t i c a l l y
FROM DAY TO DAY BUT FROM THE BEGINNING TO THE END OF THE 
EXPERIMENT THERE WAS A CONSIDERABLE DECREASE IN THE EXCRETION  
OF UREA NIT ROGEN.
( 3 )  T h e  c r e a t i n e  n i t r o g e n  v a r i e d  a g r e a t  d e a l  t h r o u g h o u t  t h e
E XP ERI ME NT ,  BUT IF  THE CREATINE EXCRETION FOR THE WHOLE 
EXPERIMENT IS CONSIDERED, THERE WAS A TENDENCY FOR THE BIRD  
TO M A IN T A I N  A CONSTANT LEVEL OF CREATINE EXC R ETIO N.
( 4 )  Th e  e x c r e t i o n  o f  a m i n o  a c i d  n i t r o g e n  r e m a i n e d  f a i r l y  
c o n s t a n t  t h r o u g h o u t  t h e  e x p e r i m e n t .
( 5 )  T h e  u n k n o w n  n i t r o g e n  e x c r e t i o n  was  q u i t e  v a r i a b l e  w i t h  no
SUBSTANTIAL DECREASE OR INCREASE FROM THE BEGINNING TO THE 
END OF THE E XP E RI ME NT .  THE V A R IA T IO N  D I D  NOT SEEM TO BE 
RELATED TO D IE TA R Y  TREATMENT.
( 6 )  AS THE PR O TE IN  LEVEL DECREASED THERE WAS A MARKED INCREASE
IN URINARY CARBOHYDRATE AS DETERMINED BY THE ANTHRONE METHOD.
F r o m  t h e  d a t a  h e r e i n  p r e s e n t e d  t h e  c o n c l u s i o n  w as  d r a w n  t h a t  t h e  h e n
CAN ADAPT VERY RE A DI LY  TO DECREASES IN  RATION PRO TEIN LEVEL U N T I L  THAT 
LEVEL DECREASES TO A P O I N T  WHICH REDUCES PRO TEIN INTAKE BELOW HER M A | N -  
T I  ■ NCE NEEDS. BELOW M A I N T E N  ANCE THE HEN LOSES WEIGHT AS SHE ATTEMPTS 
TO ADAPT HERSELF TO THE LOWER PRO TEI N L E V E L .
SUMMARY
S u r g i c a l  m o d i f i c a t i o n s  w e r e  m a d e  w h i c h  p e r m i t t e d  t h e  s e p a r a t e
COLLECTION OF FECES AND URINE FROM C H IC K EN S.  THE TECHNIQUES WERE 
R EF IN ED  AND U T I L I Z E D  IN A FUNDAMENTAL STUDY OF NITROGEN METABOLISM.
iN EXPERIMENT ONE IT  WAS FOUND NECESSARY TO ADD AN ACID PRESERVATIVE  
IN THE URINE COLLECTION VESSELS AND BORIC ACID PROVED TO BE AN EXCELLENT  
PRESERVATIVE IN THESE EXPE RIME NTS .  THERE WAS NO DIFFERENCE IN  THE RESPONSE 
OF SURGICALLY M O D I F I E D  HENS OR NORMAL HENS TO DIETA RY  TREATMENT.
B i r d s  w i t h  e x t e r i o r i z e d  r e c t a  w e r e  f o u n d  t o  g i v e  m o r e  c o n s i s t e n t
Q U A N T IT A T I V E  COLLECTIONS AND WERE SELECTED AS THE BIRD OF CHOICE FOR 
N U T R I T I O N  EXPE RIME NTS .  I t WAS FOUND NECESSARY TO F I T  THESE BIRDS WITH  
GLASS CANNULAE AND TO FEED THEM A HIGHLY D I G E S T I B L E  D I E T  IN ORDER TO M A IN ­
T A I N  FECES E XC R ET IO N .
T h e  SURGICALLY M O D I F I E D  HENS WERE USED IN TWO EXPERIMENTS WHICH WERE 
DESIGNED TO IN D IC A T E  CERTAIN FUNDAMENTAL ASPECTS OF NITROGEN METABOLISM.
E x p e r i m e n t  t wo  i n v o l v e d  i s o - p r o t e i n  r a t i o n s  i n  w h i c h  t h e  e n e r g y  l e v e l  w as
VA R IE D  BY S U B S T I T U T IN G  ANIMAL TALLOW FOR R IC E  H U LLS.  THE PRO TEI N LEVEL  
WAS 1 5  PERCENT AND THE ENERGY LEVELS WERE 9 0 0  AND 8 0 0  CALORIES OF PRODUCTIVE  
ENERGY PER POUND OR 1 3 1 0  AND 1 0 8 6  CALORIES OF METABOLIZABLE ENERGY PER 
POUND,  R E S P E C T I V E L Y .  EXPERIMENT THREE WAS DESIGNED SO THAT EACH HEN WAS 
ALLOWED 8 0  GMS. OF A NO-PR OTEIN  D I E T  PER DAY. FOR THE F I R S T  11 DAYS T H I S  
D I E T  WAS SUPPLEMENTED WITH D A I L Y ,  DECREASING INCREMENTS OF EXTRACTED WHOLE 
EGG. THE TWO EXPERIMENTS HAD A COMMON V A R IA B L E ,  A CHANGING "ENERGY:  PROTEIN"
I k
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r a t i o  ( t h e  C a l o r i e s  o f  m e t a b o l i z a b l e  e n e r g y  f r o m  c a r b o h y d r a t e  a n d  f a t
PER U N I T  WEIGHT D I V I D E D  BY THE PERCENT OF P ROTEI N PER U N I T  W E I G H T ) .
S i n c e  t h e  i n g r e d i e n t s  s u p p l y i n g  t h e  p r o t e i n  a n d  e n e r g y  w e r e  d i f f e r e n t  i n
THE TWO E XP ERI M ENT S ,  ONLY THEORETICAL COMPARISONS CAN BE MADE,
I n EXPERIMENT TWO THE METABOLIZABLE ENERGY 7/AS DECREASED FROM ABOUT
1310 C a l o r i e s  p e r  p o u n d  t o  a b o u t  1086 C a l o r i e s  p e r  p o u n d  by d e c r e a s i n g  t h e
AMOUNT OF FAT IN  THE RATION AND HOLDING THE PR O TE IN  CONSTANT. THIS
d e c r e a s e d  t h e  E n e r g y :  P r o t e i n  r a t i o  f r o m  8 5 .4  t o  7 0 . 5 .
T h i s  d e c r e a s e  i n  t h e  E n e r g y : P r o t e i n  r a t i o  b r o u g h t  a b o u t  a d e c r e a s e
IN  THE AMOUNT OF AMMONIA NITROGEN AND AMINO ACID NITROGEN EXCRETED AND AN 
INCREASE IN  THE AMOUNT OF UR IC ACID NITROGEN AND UREA NITROGEN EXCRETED.
T h e  t o t a l  c r e a t i n e  a n d  c r e a t i n i n e  n i t r o g e n  r e m a i n e d  c o n s t a n t  d u r i n g  t h e
TWO COLLECTION P E R I O D S .
I n e x p e r i m e n t  t h r e e  t h e  E n e r g y : P r o t e i n  r a t i o  w as  w i d e n e d  b y  a l l o w i n g
A PREDETERMINED MAXIMUM i n t a k e  OF NUT RIENTS OTHER THAN PR O TE iN  ( a  TOTAL OF 
80 GMS. d a i l y )  AND REDUCING THE LEVEL OF SUPPLEMENTAL, EGG PR O TE IN  EACH 
DAY FOR 12 DAYS.  THE METABOLIZABLE ENERGY FROM CARBOHYDRATES AND FAT OF 
THESE RATIONS WAS QUITE H I G H ,  1380 CALORIES PER POUND OF 14*7  PERCENT PR O TE IN  
D I E T  AND ABOUT 1 5 4 0  CALORIES PER POUND OF THE N O-PR OT EI N  D I E T .  T H I S  G I V E S
an E n e r g y :  P r o t e i n  r a t i o  i n c r e a s e  f r o m  1 0 0 .7  on t h e  f i r s t  d a y  o f  t h e
EXPERIMENT TO 1540 ON THE LAST DAY OF THE E XP E R I M E N T .  ( T H I S  TAKES ONLY 
THE CRUDE P R O TE I N  OF THE SUPPLEMENTAL.  EXTRACTED, EGG POWDER INTO CON­
S I D E R A T I O N ) ,
IF  ONE COMPARES THE URINARY NITROGEN DATA BETWEEN EXPERIMENT TWO AND 
EXPERIMENT THREE HE F IN D S  THAT URI C ACID CONTRIBUTED ABOUT 74 PERCENT OF 
THE URINARY NITROGEN WHEN A D I E T  WITH AN ENERGY: P R O T E I N  R A T IO  OF 8 5 . 4
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WAS FED AND CONTRIBUTED ABOUT 4 9  PERCENT OF THE URINARY NITROGEN ’WHEN A 
D I E T  WITH AN ENERGY: P R O T E I N  R A T IO  OF 1 0 0 . 7  WAS F E D .  O f  COURSE,  I T  IS  
IM P O S S I B L E  TO D E L IN E A T E  T H I S  PA R T IC UL AR  EFFECT BECAUSE OF THE VA R IE D  
SOURCES OF NUT RI ENT S  BUT SUCH AN EFFECT UPON THE NITROGEN METABOLISM I S
CLEARLY IN D IC A T E D  THROUGHOUT THESE S T U D I E S .  ONE MAY S A Y ,  THEREFORE,  THAT
WHEN A HEN R EC E IV ES  ENOUGH P R O TE IN  TO F U L F I L L  OR EXCEED HER MAINTENANCE  
REQUIREMENTS AN INCREASE IN THE ENERGY: P R O T E I N  R A T IO  BRINGS ABOUT A 
REDUCTION IN THE PERCENT OF U RI C  A CI D  IN THE U R I N E ,  AN INCREASE IN  THE 
PERCENT OF AMMONIA IN THE U R I N E ,  AND A DECREASE IN  THE AMOUNT OF URINARY  
NITROGEN E X C R E T IO N .
IN EXP ERIMENT THREE THE HENS HAD ACCESS TO A PREDETERMINED AMOUNT OF 
FEED BUT THEY SELDOM ATE ALL OF T H E I R  ALLOWANCE. IT  WOULD SEEM THEREFORE 
THAT FEED INTAKE WAS DEPENDENT ON THE ENERGY L E V E L .  A s  THE P R O T E I N  LEVEL  
DECREASED BELOW 5 . 3  PERCENT THE D A I L Y  FEED INTAKE TENDED TO INCREASE SO 
THAT ON THE N O - P R O T E I N  D I E T  THE INTAKE WAS NEAR MAXIMUM,  I t WOULD SEEM 
THAT THE HENS ATE ONLY ENOUGH FEED TO SUPPLY T H E I R  ENERGY NEEDS WHEN THE
P R O T E I N  LEVEL WAS SUCH AS TO ALLOW THEM TO E A S I L Y  MEET THE P R O TE I N
REQUIREMENT FOR MAINTENANCE BUT AS THE P R O T E I N  LEVEL DECREASED TO SUCH A
LEVEL THAT THE MAINTENANCE P R O TE I N  REQUIREMENT WAS D I F F I C U L T  TO MEET THERE
WAS A TENDENCY FOR GREATER IN T A K E .
T h e  INCREASED FEED INTAKE WAS ACCOMPANIED BY AN INCREASE IN  THE AMOUNT
OF CARBOHYDRATE EXCRETED ( a s  DETERM INED  BY A QUANTATIVE ANTHRONE P R O CE D UR E) .  
IF THE CAR80HYDRATE EXCRETION HAD G I V E N  A L IN E A R  OR CURVALINEAR PLOT AGAINST  
R A TIO N  P R O T E I N  L E V E L ,  ONE COULD SAY THAT THE INCREASED CARBOHYDRATE EXCRETION  
WAS DUE TO A R E L A T I V E L Y  SMALL INCREASED INTAKE OF CARBOHYDRATE BUT I T  WAS 
CHA RACTERIZED BY A S E R IE S  OF PEAKS AND D I P S .  T H I S  SEEMS TO IN D I C A T E  A
r e l a t i o n s h i p  b e t w e e n  a b s o l u t e  p r o t e i n  l e v e l  i n  t h e  r a t i o n  a n d  t h e
U T I L I Z A T I O N  OF CARBOHYDRATE. &' I THOU T FURTHER STUDY ONE CAN ONLY SAY 
THAT AS THE PROTEIN LEVEL OF THE RATION DECREASED THERE WAS AN INCREASE
i n  c a r b o h y d r a t e  e x c r e t i o n .  T h i s  i n d i c a t e d  t h a t  p r o t e i n  i s  i m p o r t a n t  i n
THE PROPER U T I L I Z A T I O N  OF CARBOHYDRATE AND/oR THE HENS WERE UNDER CON­
SIDERABLE STRESS AND WERE TRYING TO ADJUST T HE IR  METABOLISM.
F r o m  t h e  d a t a  o f  t h e  two  e x p e r i m e n t s  o n e  m a y  s a y  t h a t  an  i n c r e a s e  
i n  t h e  E n e r g y :  P r o t e i n  r a t i o  o f  t h e  d i e t  b r i n g s  a b o u t  a d e c r e a s e  i n  u r e a  
e x c r e t i o n . I t w o u l d  s e e m  a s  i f  t h e  u r e a  e x c r e t i o n  b e l o w  t h e  m a i n t e n a n c e  
p r o t e i n  l e v e l  r e f l e c t s  t h e  m o b i l i z a t i o n  o f  t i s s u e  p r o t e i n s  as  i t  i s  v e r y
ERRATIC FROM DAY TO DAY.
T h e  a m i n o  a c i d  n i t r o g e n  e x c r e t i o n  t e n d s  t o  r e m a i n  c o n s t a n t  a n d  t h e  
c r e a t i n e  e x c r e t i o n  t e n d s  t o  be  r e l a t i v e l y  c o n s t a n t  e x c e p t  f o r  p e r i o d s  wh e n  
t h e  h e n  i s  t r y i n g  t o  a d j u s t  t o  a l o w e r  n i t r o g e n  i n t a k e .  T h e  u n k n o w n  
u r i n a r y  n i t r o g e n  c o m p o n e n t s  d e c r e a s e d ,  ( b o t h  i n  a m o u n t  o f  n i t r o g e n  an d  as  
a p e r c e n t  o f  t h e  u r i n a r y  n i t r o g e n ) as  t h e  e n e r g y  w as  i n c r e a s e d  i n
EXPERIMENT TWO. I n EXPERIMENT THREE THE AMOUNT OF UNKNOWN COMPONENTS 
REMAINED R E LA TI VE LY  CONSTANT THROUGHOUT THE EXPERIMENT BUT AS A PERCENT 
OF THE URINARY NITROGEN IT  (T H E Y )  INCREASED WITH A DECREASE IN DIETARY  
PROTEIN LEV EL .
T he  AVERAGE NITROGEN REQUIREMENT FOR MAINTENANCE IN EXPERIMENT THREE 
WAS APPROXIMATELY 8 0 0  MGMS.;  T H I S  INCLUDED 6 9 0  MGMS. OF NITROGEN FROM 
EXTRACTED WHOLE EGG. T h e  URINARY NITROGEN EXCRETION AT THE MAINTENANCE 
PROTEIN LEVEL WAS 3 0 8  MGMS. AND ON THE NO-PR OTEIN RATION THE MINIMUM  
URINARY NITROGEN EXCRETION WAS ABOUT 1 8 0  MGMS.
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A STUDY OF THE DATA OF BOTH EXPERIMENTS WOULD LEAD ONE TO ADVANCE 
TWO HYPOTHESES OF NITROGEN ME TAB OL IS M,  NAMELY:
(1 )  IT IS  NOT NECESSARILY THE AMOUNT OF P R O TE I N  IN A RA T IO N  BUT 
THE R E L A T I O N S H IP  OF THE PR O TE IN  TO OTHER N U T R I E N T S  WHICH 
DETERMINES THE C HA RA CT E RI ST IC S  OF THE URINARY NITROGEN  
E XC R E T IO N ,
( 2 )  I n  ORDER TO CALL A UR IN E wNORMALw ONE MUST R I G I D L Y  D E F IN E  
A "NORMAL” D I E T .  In THESE RES PEC TS,  NO EVIDE NCE  WAS FOUND 
WHICH WOULD REFUTE THE CONCLUSIONS OF F O L I N  ( 1 9 0 5 A ,  1 9 Q 5 B ,  
1 9 0 5 c )  E IT H E R  H I S  LAWS FOR THE COMPOSIT ION OF U R I N E  OR H IS  




TABULAR DATA FROM EXPERIMENT THREE
-  NITROGEN BALANCE DATA, EXPERIMENT THREE
-  THE NITROGEN COMPOSITION OF URINE, EXPERIMENT THREE
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TABLE I
D a t e He n
N o .
He n  
ISe  1GHT
H e n
G a i n
N i t r o g e n
I n t a k e
F e c a l  
N i t r o g e i '
Gm s . Gm s . MGMS. Mg m s  .
10/16 1 1 5 8 4 +6 1 1 0 6 7 . 5 1 6 0 . 2
1 0 / 1 6 2 1 8 7 3 - 3 2 1 3 7 3 . 8 3 3 2 . 8
10/16 3 2046 - 5 0 1 3 7 3 . 8 1 4 5 . 7
1 0 / 1 6 4 1 7 2 0 +21 1 6 2 4 . 4 2 0 6 . 3
1 0 / 1 6 5 * 1 51 1 - 6 6 ------- -----
1 0 / 1 6 Av e r a g e 1 8 0 5 . 8 ^ 5 . 2 1 3 5 9 . 9 2 1 1 . 2
1 0 / 1 7 1 1 6 4 5 - 3 8 8 9 5 . 1 1 4 2 . 1
1 0 / 1 7 2 1841 - 3 3 1 6 7 1 . 6 2 9 1 . 6
1 0 / 1 7 3 1 9 9 6 - 5 1 1 2 4 2 . 4 8 1 . 2
1 0 / 1 7 4 1741 - 0 1 1 2 9 4 . 1 1 5 0 . 8
1 0 / 1 7 5 * 1 4 4 5 - 6 3 2 7 3 . 9 1 3 8 . 5
1 0 / 1 7 Av e r a g e 1 8 0 5 . 8 - 3 0 . 8 1 2 7 5 . 8 1 6 6 . 4
1 0 / 1 3 1 1 6 0 7 - 5 2 5 8 6 . 5 1 3 3 . 8
1 0 / 1 8 2 1 8 7 4 +41 1 7 9 8 . 6 2 4 3 . 6
1 0 / 1 8 3 1 9 4 5 + 4 8 9 1 4 . 9 9 3 . 4
1 0 / 1 8 4 1 7 4 2 + 1 6 1 1 7 3 . 0 1 8 7 . 7
1 0 / 1 8 5 1 3 8 2 + 3 7 6 8 4 . 2 1 8 1 . 7
1 0 / 1 8 1 7 1 0 . 0 + 1 8 . 0 1 0 3 1 . 4 1 6 8 . 0
# No t  i n c l u d e d  i n  t h e  a v e r a g e s
Ab s o r b e d  P e r c e n t  Ur i n a r y  A b s o r b e d  N i t r o g e n
N i t r o g e n  D i g e s t i b i l i t y  N i t r o g e n  R e t a i n e d
i'/lGMS . c Mgms  . Mg m s  . P e r c e n t
9 9 9 . 2 9 4 6 1 6 . 3 3 8 2 . 9 3 8
1 1 3 4 . 1 8 3 600.6 5 3 3 . 5 4 7
1 3 1 8 . 9 9 6 3 6 9 . 0 9 4 9 . 9 7 2
1 5 1 4 . 5 9 3 5 7 5 . 1 9 3 9 . 4 6 2
--------- — 4 5 3 . 6 --------- —
1240.0 91 5 4 0 . 2 + 6 9 9 .8 5 6
8 4 4 * 9 9 4 4 6 6 . 2 3 7 8 . 7 4 5
1 4 7 3 . 1 8 8 5 3 7 . 3 9 3 5 . 8 64
1 2 5 2 . 0 1 0 0 4 5 3 . 6 7 9 8 . 4 64
1 2 3 9 . 7 , 96 4 9 9 . 0 7 4 0 . 7 6 0
2 1 9 . 6 8 0 4 2 1 .4 - 2 0 1 . 8 —
1 2 0 0 . 7 9 5 4 8 9 . 0 + 7 1 1 . 7 5 9
5 4 4 . 6 9 3 3 1 9 . 2 2 2 5 . 4 4 2
1 6 4 8 . 1 9 2 5 6 2 . 8 1 0 8 5 . 3 6 6
9 1 2 . 3 1 0 0 3 8 6 . 4 5 2 5 . 9 5 8
1 0 8 1 . 7 9 2 4 5 3 . 6 6 2 8 . 1 5 8
5 8 6 . 7 8 6 4 0 9 . 1 1 7 7 . 6 3 0




D a t e H em
N o .
He n
We i g h t
He n
G a i n
N i t r o g e n
I n t a k e
F e c a l
N i t r o g e n
Ab s o r b e d
N i t r o g e n
P e r c e n t
D i g e s t i b i l i t y
Ur i n a r y
N i t r o g e n
Ab s o r b e d  N i t r o g e  
R e t a i n e d
Gm s . Gm s . Mg m s . Mg m s . Mg m s  . - • - j Mg m s . Mg m s .  P e r c e n t
1 0 / 1 9 1 1 5 5 5 + 7 3 1 0 7 4 . 2 1 9 6 . 9 9 2 9 . 2 9 0 4 3 2 . 0 5 3 7 . 2 5 5
1 0 / 1 9 2 1 9 1 5 -18 1 4 3 4 . 5 2 2 4 . 3 1 0 3 3 . 3 91 5 0 9 . 6 7 9 3 . 7 61
1 0 / 1 9 3 1 9 9 3 - 2 3 1 3 2 1 . 9 9 6 . 5 1316.2 100 3 8 8 . 1 9 2 8 . 1 7 0
1 0 / 1 9 4 1 9 5 8 +02 1 0 3 5 . 6 122.11 1 0 0 9 . 9 9 8 3 7 9 . 4 6 3 0 . 5 62
1 0 / 1 9 5 1 4 1 9 +4 1 7 9 6 . 0 2 1 7 . 2 663.0 8 3 3 3 8 . 8 3 2 4 . 2 4 9
1 0 / 1 9 Av e r a g e 1768*0 + 1 5 . 0 1 1 3 2 , 4 . 1 7 1 . 4 1 0 5 2 . 3 9 3 4 0 9 . 6 +642.7 61
10/20 1 1628 + 0 9 9 4 3 . 7 2 4 1 . 3 7 9 4 . 3 8 4 3 5 6 . 2 4 3 8 . 1 55
10/20 2 1 8 9 7 - 2 6 7 5 2 . 6 110.1 7 3 5 . 6 9 8 3 2 4 . 8 4 1 0 . 8 5 6
10/20 3 1 9 7 0 - 1 9 1 0 1 0 . 5 5 7 . 9 1 0 4 3 . 4 1 0 3 3 1 3 . 0 7 3 0 . 4 7 0
10/20 4 1 7 6 0 000 1 0 0 6 . 5 1 8 0 . 6 9 2 2 . 3 9 2 3 9 6 . 2 5 2 6 . 1 5 7
10/20 5 1 4 6 0 -01 683.2 1 3 0 . 1 6 3 7 . 3 9 3 2 7 4 . 4 3 6 2 . 9 57
10/20 Av e r a g e 1 7 4 3 - 7 . 4 8 7 9 . 3 1 4 4 . 0 8 2 6 . 6 9 4 3 3 2 . 9 + 4 9 3 . 7 60
10/21 1 1 6 3 7 - 6 7 9 5 7 . 8 116.6 9 3 3 . 1 9 7 2 6 6 . 7 666.4 7110/21 2 1871 - 1 3 5 0 3 . 1 2 4 4 . 3 3 5 1 . 9 7 0 3 6 9 . 9 - 18.0
10/21 3 1 951 - 3 9 9 5 0 . 9 2 0 0 . 7 841.0 88 292.6 5 4 8 . 4 6 5
1 0 / 2 1 4 1 7 6 0 - 3 3 8 7 0 . 1 2 1 4 . 0 7 5 2 . 5 8 6 2 9 9 . 6 4 5 2 . 9 6 0
1 0 / 2 1 5 1 4 5 9 + 0 6 7 3 7 . 4 1 4 8 . 5 6 7 3 . 1 91 2 6 8 . 5 404.6 6 0
1 0 / 2 1 Av e r a g e 1 7 3 6 . 6 - 2 9 . 2 8 2 1 . 9 1 8 4 . 8 7 2 8 . 4 8 9 2 9 9 . 5 +  4 2 8 . 9 5 9
(TABLE I CONTINUED)
D a t e He n
N o.
He n
We i g h t
He n
G a i n
N i t r o g e n
I NT AKE
F e c a l
N i t r o g e n
Ab s o r b e d
N i t r o g e n
P e r c e n t
D i g e s t i b i l i t y
Ur i n a r y
N i t r o g e n
A b s o r b e d  N i t r o g i  
R e t a i n e d
Gm s . Gm s . Mg m s  • Mg m s  . i . 'IG M S  . • - - .> • Mg m s  . Mg m s .  P e r c e n t
1 0 / 2 2 1 1 5 7 0 + 5 2 8 6 2 . 3 1 0 2 . 7 8 5 1 . 5 9 9 2 0 8 . 2 6 4 3 . 3 7 6
1 0 / 2 2 2 1 8 5 8 - 1 0 5 7 6 . 3 2 2 6 . 9 4 4 2 . 5 7 7 3 1 8 . 9 1 2 3 . 6 2 8
1 0 / 2 2 3 1 9 1 2 + 7 3 883.8 1 7 1 . 8 8 0 2 . 8 91 4 5 4 . 7 3 4 8 . 1 4 3
1 0 / 2 2 4 1 7 2 7 - 2 4 7 3 3 . 3 2 3 5 . 6 5 9 4 . 1 81 3 0 0 . 4 2 9 3 . 7 4 9
1 0 / 2 2 5 1 4 6 5 + 0 9 9 2 4 . 7 1 3 0 . 7 8 7 8 . 2 9 5 2 3 5 . 2 6 4 3 . 0 7 3
1 0 / 2 2 Av e r a g e 1 7 0 6 . 4 + 2 0 . 0 7 9 6 . 0 1 7 3 . 5 7 1 3 . 8 9 0 3 0 3 . 5 + 4 1 0 . 3 57
1 0 / 2 3 1 1 6 2 2 0 0 7 3 3 . 6 221.4 6 0 4 . 1 8 2 2 8 9 . 8 3 1 4 . 3 5 2
1 0 / 2 3 2 # 1 8 4 8 - 1 1 5 1 4 4 . 1 64.6 1 7 2 . 6 -1 2 0 2 8 4 . 5 - 1 1 1 . 9
1 0 / 2 3 3 1 9 8 5 - 2 3 6 8 8 . 7 1 2 5 . 4 6 5 4 . 1 9 5 3 3 5 . 3 3 1 8 . 8 4 9
1 0 / 2 3 4 1 7 0 3 - 1 4 7 3 6 . 1 2 5 3 . 5 5 7 9 . 0 7 9 3 2 0 . 2 2 5 8 . 8 4 5
1 0 / 2 3 5 1 4 7 4 + 0 4 7 2 1 . 5 2 1 6 . 8 5 8 3 . 9 8 2 1 0 2 . 5 486.4 8 3
1 0 / 2 3 Av e r a g e 1 6 9 6 - 8 . 2 7 2 0 . 0 2 0 4 . 3 6 0 7 . 0 8 4 2 6 2 . 0 +  3 4 5 . 0 57
10/24 1 1 6 2 2 - 6 5 5 1 3 . 3 1 4 7 . 9 4 5 7 . 3 8 9 2 0 7 . 5 2 4 9 . 8 5 4
1 0 / 2 4 2 1 7 3 3 + 5 3 4 4 2 . 2 9 6 . 2 4 3 9 . 1 9 9 3 7 4 . 6 6 4 . 5 15
10/24 3 1 9 6 2 - 7 2 6 0 7 . 4 1 0 7 . 5 5 9 0 . 7 9 7 2 4 4 . 0 3 4 6 , 7 5 9
10/24 4 1 6 8 9 - 8 5 3 2 3 . 0 1 3 8 . 5 2 8 0 . 9 8 7 3 1 3 . 2 - 3 2 . 3
1 0 / 2 4 5 1 4 7 8 + 4 0 5 4 9 . 2 2 7 . 5 6 0 5 . 9 1 1 0 1 5 3 . 4 4 5 2 . 5 7 5
1 0 / 2 4 Av e r a g e 1 6 9 6 . 8 - 2 5 . 8 4 8 7 . 0 1 0 3 . 5 4 7 4 . 8 9 7 2 5 8 . 5 + 2 1 6 . 3 4 6
*  No t  i n c l u d e d  i n  t h e  a v e r a g e s
D a t e  He n  He n  He n  N i t r o g e n  
No. We i g h t  Ga i n  I n t a k e
Gm s . Gm s . Mg m s  .
1 0 / 2 5 1 1 5 5 7 - 0 9 2 7 3 . 0
1 0 / 2 5 2 1 7 8 6 +0 1 4 0 9 . 5
1 0 / 2 5 3 1 8 9 0 + 1 4 3 9 9 . 4
1 0 / 2 5 4 1 6 0 4 - 1 2 4 0 1 . 4
1 0 / 2 5 5 1 5 1 8 - 3 4 2 1 9 . 9
1 0 / 2 5 Av e r a g e 1 6 7 1 . 0 - 8 . 0 3 4 0 . 6
1 0 / 2 6 1 1 5 4 8 + 3 4 2 7 7 . 5
1 0 / 2 6 2 1 7 8 7 + 0 5 3 0 8 . 0
1 0 / 2 6 3 1 9 0 5 + 3 2 3 1 0 . 8
1 0 / 2 6 4 1 5 9 2 - 3 4 1 9 2 . 2
1 0 / 2 6 5 1 4 8 4 - 6 3 1 9 5 . 4
1 0 / 2 6 Av e r a g e 1 6 6 3 . 2 - 5 . 2 256.8
1 0 / 2 7 1 1 5 3 2 -^ 40 1 2 9 . 2
1 0 / 2 7 2 1 7 9 2 - 4 0 1 2 7 . 4
1 0 / 2 7 3 1 9 3 6 +16 1 2 8 . 5
1 0 / 2 7 4 1 5 5 8 + 0 9 8 0 . 8
1 0 / 2 7 5 142 1  . + 1 5 8 8 . 8
1 0 / 2 7 Av e r a g e 1 6 5 7 . 8 - 8 . 0 1 1 0 . 9
* *  D i g e s t i b i l i t y  f i g u r e s  f o r  t h e s e  d a y s
(TABLE I CONTINUED)
F e c a l  Ab s o r b e d  P e r c e n t  Ur i n a r y  Ab s o r b e d  N i t r o g e n
N i t r o g e n  N i t r o g e n  D i g e s t i b i l i t y  N i t r o g e n  R e t a i n e d
Mg m s . Mg m s . ! -•- . O Mg m s  . Mg m s  . P e r c i
1 1 9 . 2 2 4 5 . 7 9 0 168.8 7 6 . 9 31
7 6 . 3 4 2 6 . 3 1 0 4 226.8 1 9 9 . 5 4 7
1 1 1 . 2 3 7 9 . 0 9 5 2 3 1 . 6 1 4 7 . 4 3 9
7 5 . 6 422.2 1 0 5 5 4 4 . 6 - 1 2 2 . 4 —
1 7 3 . 9 1 3 0 . 2 5 9 ^ 8 2 . 8 * 1 5 2 . 6 —
1 1 1 . 2 3 2 0 . 7 9 4 2 9 0 . 9 + 2 9 . 8 9
8 6 . 6 2 7 7 . 5 0 0 * 2 4 3 . 3 3 4 . 2 1 2
7 7 . 9 3 0 8 . 0 1 0 0 2 1 8 . 4 8 9 . 6 2 9
1 1 5 . 2 3 1 0 . 8 1 0 0 2 3 6 . 5 7 4 . 3 2 4
1 0 5 . 3 1 9 2 . 2 100 2 8 5 . 2 - 9 3 . 0 —
7 9 . 2 1 9 5 . 4 100 1 9 5 . 3 . 1 0,
9 2 . 8 256 . 8 1 0 0 2 3 5 . 7 + 2 1 . 1 8
1 0 3 . 4 129.2 100 2 1 1 . 7 - 8 2 . 5 —
1 3 6 . 8 1 2 7 . 4 1 0 0 1 7 3 . 6 - 4 6 . 2 —
1 2 5 . 6 1 2 8 . 5 1 0 0 225.2 - 9 6 . 7
64.2 8 0 . 8 1 0 0 3 2 3 . 3 - 2 4 2 . 5 —
1 1 8 . 7 8 8 . 8 1 0 0 1 3 3 . 7 - 4 8 . 9 —
1 0 9 . 7 1 1 0 . 9 100 2 1 3 . 5 - 1 0 3 . 4 —
a s s u m e d  r a t h e r  t h a n  c a l c u l a t e d
(TABLE 1 CONTINUED)
D a t e He n
N o .
He n
We i g h t
H e n
G a i n
N i t r o g e n
I n t a k e
F e c a l
N i t r o g e n
A b s o r b e d
N i t r o g e n
P e r c e n t
D i g e s t i b i l i t y
Ur i n a r y
N i t r o g e n
A b s o r b e d  N i t r o c  
R e t a i n e d
Gm s . Gm s . Mg m s . Mg m s . Mg m s  . •• * Mg m s . Mg m s .  P e r c e n t
1 0 / 2 8 1 1 5 4 2 - 1 4 120.1 7 5 . 7 120.1 100 * * 164.6 - 4 4 . 5  —
1 0 / 2 8 2 1 7 2 5 +21 1 2 7 . 4 4 8 . 7 1 2 7 . 4 100 220.8 - 100.6  —
1 0 / 2 8 3 1 9 5 2 - 3 9 126.2 7 4 . 3 1 2 6 . 2 100 • 2 2 6 . 1 - 9 9 . 9  —
1 0 / 2 8 4 1 5 6 7 + 0 5 1 4 9 . 5 9 2 . 4 1 4 9 . 5 100 1 7 9 . 1 - 29 .6  —
1 0 / 2 8 5 1 4 3 6 +18 1 0 6 . 5 62.2 1 0 6 . 5 100 109.2 - 2 . 7  —
1 0 / 2 8 Av e r a g e 1 6 4 9 . 8 - 1 .8 1 2 5 . 9 7 0 . 6 1 2 5 . 9 100 1 8 0 . 0 - 5 5 . 5  —
1 0 / 2 9 1 1528 - 3 1 1 1 5 . 1 102.0 1 1 5 . 1 100 * * 1 6 8 . 3 - 5 3 . 2  —
1 0 / 2 9 2 1 7 7 3 -61 1 3 1 . 5 1 0 9 . 1 1 3 1 . 5 100 1 8 5 . 7 - 84.2  —
10/29 3 1 9 1 3 - 9 4 1 0 8 . 4 4 8 . 1 1 0 8 . 4 100 1 9 0 . 1 - 81 . 7  —
1 0 / 2 9 4 1 5 7 2 -16 1 2 8 . 5 1 2 3 . 9 1 2 8 . 5 100 1 7 2 . 9 - 4 4 . 4  —
1 0 / 2 9 5 1 4 5 4 -18 102.1 7 6 . 9 102.1 100 2 1 0 . 9 - 1 0 8 . 8  —
1 0 / 2 9 Av e r a g e 1 6 4 3 . 0 - 4 4 . 0 1 1 7 . 1 9 2 . 0 1 1 7 . 1 100 185.6 - 7 4 . 5  —
10/30 1 1 4 1 7 -66 0 _ _ 209.2 —
10/30 2 1 7 1 2 - 7 0 0 —— 2 3 2 . 8 —r— ——
10/30 3 1 8 1 9 - 8 2 0 . . . . 285.6 ——
1 0 / 3 0 4 1 5 5 6 - 7 7 0 1 8 9 . 1 -T —
10/30 5 1 4 3 6 -100 0 — ------ — 3 1 8 . 2 —  —
1 0 / 3 0 Av e r a g e 1 5 8 8 . 0 - 7 9 . 0 0 — — 246.8 — t-  ——
* *  D i g e s t i b i l i t y  f i g u r e s  f o r  t h e s e  d a y s  a r e  a s s u m e d  r a t h e r  t h a n  c a l c u l a t e d .
TABLE IJ
Ur i n a r y  N i t r o g e n  E x c r e t i o n  i n  Mg m s .  P e r c e n t a g e
Da t e  Hem  T o t a l  Ur i c  Am m o n i a  Ur e a  Cr e a t i n e ”1 Co m p o s i t i o n  o f  Ur i n a r y  N i t r o g e n  Mg m s .
N o . Ac i d Ur i c 
Ac i d
Am m o n i a Ur e a Cr e a t i n e I Un ­
kn own
An t h r o s e 2
Gl u c o s e
1 0 / 1 6 1 6 1 6 . 3 2 4 5 . 3 1 7 2 . 4 , 4 1 . 4 2 2 . 9 3 9 . 8 2 7 . 9 6 . 7 3 . 7 2 2 3 3 3
10/16 2 6 0 0 . 6 4 0 0 . 0 7 1 . 5 2 3 . 5 1 8 . 9 6 6 . 6 1 1 . 9 3 . 9 3 . 1 1 4 3 3 3
1 0 / 1 6 3 3 6 9 . 0 9 1 . 4 2 1 7 . 6 1 7 . 0 2 5 . 4 2 4 . 7 5 8 . 9 4 . 6 6 . 8 5 2 3 3
1 0 / 1 6 4 5 7 5 . 1 3 7 8 . 6 2 8 . 4 3 7 . 0 1 7 . 2 6 5 . 8 4 . 9 6 .4 2 . 9 2 0 1 6 6
10/16 5 # 4 - 5 3 . 6 1 3 4 . 0 1 7 5 . 4 3 2 . 2 2 6 . 9 2 9 . 5 3 8 . 6 7 . 0 5 . 9 19 1 6 6
Av e r a g e 5 4 - 0 . 2 2 7 8 . 8 1 2 2 . 5 2 9 . 7 2 1 . 1 4 9 . 2 2 5 . 9 5 . 4 4 . 1 18 24.6.2
1 0 / 1 7 1 4 - 6 6 . 2 1 8 4 . 8 2 3 9 . 5 2 2 . 7 2 2 . 7 3 9 . 6 5 1 . 3 4 . 9 4 . 8 0 2 7 9
1 0 / 1 7 2 5 3 7 . 3 4 1 9 . 1 8 7 . 0 2 6 . 0 1 3 . 8 7 8 . 0 16.1 4 . 8 2 . 5 0 4 7 3
1 0 / 1 7 3 4 5 3 . 6 1 7 7 . 9 1 9 7 . 6 3 3 . 2 2 6 . 8 3 9 . 2 4 3 . 5 7 . 3 5 . 9 4 4 0 7
1 0 / 1 7 4 4 9 9 . 0 3 2 7 . 1 3 . 0 41.6 1 2 . 0 6 5 . 5 . 6 8 . 3 2 . 4 2 3 3 3 0
1 0 / 1 7 5 * 4 2 1 . 4 2 6 6 . 6 1 1 3 . 8 0 . 0 1 9 . 4 6 3 . 2 2 7 . 0 0 . 0 4 . 6 5 0 0
AVERAGE 4 8 9 . 0 2 7 7 . 2 1 3 1 . 8 3 0 . 9 1 8 . 8 5 5 . 6 2 7 . 9 6 . 3 3 . 9 7 3 7 2
1 0 / 1 8 1 3 1 9 . 2 1 1 7 . 7 1 5 7 . 0 . 6 2 0 * 7 3 6 . 8 4 9 . 1 . 2 6 . 4 2 0 8 4 7
1 0 / 1 8 2 5 6 2 . 8 4 0 7 . 2 8 6 . 0 1 . 4 1 3 . 7 7 2 . 3 1 5 . 2 . 2 2 . 4 1 0 3 0 8
1 0 / 1 8 3 3 8 6 . 4 2 0 2 . 8 6 3 . 8 1 0 . 8 1 2 . 5 5 2 . 4 1 6 . 5 5 . 3 3 . 2 2 2 1 3 2
1 0 / 1 8 4 4 5 3 . 6 2 7 8 . 4 1 1 . 6 4 7 . 6 1 0 . 0 6 1 , 3 2 . 5 1 0 . 4 2 . 2 2 3 902
1 0 / 1 8 5 4 0 9 . 1 2 4 2 . 3 1 3 0 . 0 1 6 . 2 1 1 . 5 5 9 . 2 3 1 . 7 3 . 9 2 . 8 2 0 0
Av e r a g e 4 2 6 . 2 2 4 9 . 7 8 9 . 7 1 5 . 3 1 3 . 7 5 6 . 4 23.0 3 . 9 3 . 4 15 4 3 8
*  N o t  i n c l u d e d  i n  a v e r a g e s  2  T o t a l  c o l o r  c o m p a r e d  t o  g l u c o s e  s t a n d a r d s
1 T h e  v a l u e  f o r  c r e a t i n e  i s  t h e  c o m b i n e d  v a l u e  o f  c r e a t i n e  a n d  c r e a t i n i n e .
(TABLE I I  CONTINUED)
Ur i n a r y  N i t r o g e n  E x c r e t i o n  i n  Mg m s .  P e r c e n t a g e
D a t e  He n  T o t a l  Ur i c  Am m o n i a  Ur e a  Cr e a t i n e "! Co m p o s i t i o n  o f  Ur i n a r y  N i t r o g e n  Mg m s ,
No. Ac id
1 0 / 1 9 1 4 3 2 , 0 2 4 3 . 2 1 7 7 . 6
1 0 / 1 9 2 5 0 9 . 6 2 0 6 . 2 1 3 2 . 4
1 0 / 1 9 3 3 8 3 , 1 2 0 5 . 3 4 7 , 6
1 0 / 1 9 4 3 7 9 . 4 2 1 8 . 2 2 8 , 4
1 0 / 1 9 5 3 3 8 . 8 2 1 3 . 9 5 7 . 6
Av e r a g e 4 0 9 . 6 2 1 7 . 4 8 S . 7
1 0 / 2 0 1 3 5 6 . 2 1 0 2 . 2 1 4 3 . 8
1 0 / 2 0 2 3 2 4 . 8 2 4 4 . 0 5 7 . 0
1 0 / 2 0 3 3 1 3 . 0 4 9 . 0 1 7 9 . 2
1 0 / 2 0 4 3 9 6 . 2 1 6 8 . 4 1 2 7 . 0
1 0 / 2 0 5 2 7 4 . 4 2 1 0 . 1 3 4 . 6
Av e r a g e 3 3 2 . 9 1 5 2 . 9 1 0 8 . 3
1 0 / 2 1 1 2 6 6 . 7 7 0 . 9 7 4 . 5
1 0 / 2 1 2 3 6 9 . 9 2 2 0 . 8 2 0 . 8
1 0 / 2 1 3 2 9 2 . 6 1 4 5 . 2 5 . 0
1 0 / 2 1 4 2 9 9 . 6 1 0 5 . 7 1 0 0 . 0
1 0 / 2 1 5 2 6 8 . 5 1 6 0 . 7 6 . 2
Av e r a g e 2 9 9 . 5 1 4 0 . 6 4 1 . 3
Ur  | c  Ammi
Ac i d ________
9 . 4 1 9 . 4 5 6 . 2 4 1 . 1
2 6 . 8 1 7 . 2 4 0 . 4 2 5 . 9
2 6 . 2 1 4 . 7 5 2 . 9 1 2 . 2
1 0 . 0 1 0 . 1 5 7 . 5 7 . 4
1 9 . 4 9 . 3 6 3 . 1 1 7 . 0
1 8 . 4 1 4 . 1 5 4 . 0 2 0 . 7
2 1 . 6 1 4 . 3 2 3 . 6 4 0 . 3
4 . 6 1 1 . 5 7 5 . 1 1 7 . 5
5 . 4 1 9 . 5 1 5 . 6 5 7 . 2
4 6 . 0 1 4 . 4 4 2 . 5 . 3 2 . 0
1 1 . 6 5 . 0 7 3 . 2 1 2 . 6
1 7 . 8 1 2 . 9 4 7 . 0 i 3 1 . 9
9 . 6 1 5 . 6 2 6 . 5 2 7 . 9
7 3 . 0 1 6 . 3 5 9 . 6 5 . 6
7 . 3 1 5 . 7 4 9 . 6 2 . 8
9 . 6 1 6 . 3 3 5 . 2 3 3 . 3
1 7 . 6 8 . 2 5 9 . 8 2 . 3
2 3 . 4 1 4 . 4 4 6 . 1 1 4 . 4
Ur e a  Cr e a t i n e "! Un -  An t h r o n s
 _______________  k n o w n  Gl u c o s e
2 . 1 4 . 4 0 1 6 5
5 . 2 3 . 3 2 5 4 1 8
6 . 8 3 . 7 24 2 7 5
2 . 6 2 . 6 3 0 2 5 3
5 . 7 2 . 7 11 2 5 3
4 . 4 3 . 3 1 8 2 7 3
6 . 0 4 . 0 21 4 7 3
1 . 4 3 . 5 4 3 0 8
1 . 7 6 . 2 1 9 1 3 2
1 1 . 6 3 . 6 1 0 341
4 . 2 1 . 8 8 6 6 0
4 . 9 3 . 8 1 2 3 8 3
3 . 5 5 . 8 3 6 1 1 6 9
1 9 . 7 4 . 4 11 3 5 2
2 , 4 5 . 8 41 5 9 4
3 . 2 5 . 4 2 3 6 2 7
6 . 5 3 . 1 2 8 1 0 3 5
7 . 1 4 . 9 2 8 7 5 5
1 T h e  v a l u e  f o r  c r e a t i n e  i s  t h e  c o m b i n e d  v a l u e  o f  c r e a t i n e  a n d  c r e a t i n i n e
2  T o t a l  c o l o r  c o m p a r e d  t o  g l u c o s e  s t a n d a r d s
(TABLE I I  CONTINUED)
Ur i n a r y  N i t r o g e n  E x c r e t i o n  i n  Mg m s .  
D a t e  He n  T o t a l  Ur i c  Am m o n i a  Ur e a  
No. A c i d
P e r c e n t a g e
Cr e a t i n e  ' Co m p o s i t i o n  o f  Ur i n a r y  N i t r o g e n
Ur i c  Am m o n i a  Ur e a  Cr e a t i n e ”1
  Ac i d __________
Mg m s  .  
Un- An t h r o n e ^  
k n o w n  Gl u c o s e
1 0 /2 2 1 2 0 3 .2 9 6 .7 2 1 .6 2 0 .3 1 5 .2 4 6 .4 1 0 .4 9 .8 7 .3 26 385
10 /22 2 3 1 3 .9 172 .7 1 4 1 .6 0 .0 2 9 .4 5 4 .2 4 4 .4 0 .0 9 .2 0 132
10 /22 3 4 5 4 .7 2 2 0 .8 7 .7 1 4 .2 1 4 .0 4 8 .6 1 .7 3 .1 3 .1 43 275
1 0 /22 4 3 0 0 .4 9 2 .8 7 6 .9 2 2 .7 2 0 .4 3 0 .9 2 5 .6 7 . 6 6 *8 29 550
10 /22 5 2 35 .2 1 08 .3 13.1 1.1 7 .4 46.0 5 .6 .5 3 .1 45 385
Average 3 03 .5 133 .3 5 2 .2 1 1 .7 17 .3 4 5 .2 1 7 .5 4 .2 5 .9 29 345
1 0 /23 1 2 89 .3 6 8 .7 32 .7 3 0 .2 1 7 .9 2 3 .7 2 9 .5 1 0 .4 6 .2 31 3394
10/23 2 * 2 84 .5 122 .9 5 0 .3 69.0 2 6 .7 4 3 .2 1 7 .7 2 4 .3 9 .3 5 165
10 /23 3 335 .3 6 5 .5 1 19 .2 5 7 .7 2 2 .8 19 .5 3 5 .6 1 7 .2 6 .8 21 646
10/23 4 320 .2 103.1 7 0 .2 5 7 .3 2 2 .0 3 2 .2 2 1 .9 1 7 .9 6 .9 21 1514
10/23 5 102.5 1 9 .3 0 .0 1 3 .8 9 .2 19 .3 0 .0 13 .5 8 .9 58 7748
Average 2 6 2 .0 6 4 .3 6 8 .0 3 9 .8 1 7 .9 2 3 .6 2 6 .2 1 4 .8 7 .2 27 1700
10/24 1 2 07 .5 2 8 .4 5 7 .7 3 3 . 1 2 1 .7 1 3 .7 ' 2 7 .8 1 5 .9 10 .5 32 26851 0 /2 4 2 3 7 4 .6 210 .5 1 2 .0 3 4 .9 2 0 .7 5 6 .2 3 .4 9 .3 5 .5 26 26/1 0 /2 4 3 2 4 4 .0 5 1 .6 6 2 .5 39.1 2 5 .5 21.1 2 5 .6 1 6 .0 10 .5 27 99010/24 4 3 1 3 .2 1 2 7 .8 3 7 .7 3 5 .0 25.2 40 .S 1 2 .0 1 1 .2 8 .0 28
/7v
31410/24 5 1 5 3 .4 1 1 .2 0 .0 1 8 .9 9 .2 7 .3 0 .0 12 .3 6 .0 75
'H-
517
Av e r a g e 2 5 8 .5 8 5 .9 3 3 .9 3 2 .2 2 0 .5 2 7 .8 1 3 .3 1 2 .9 8.1 37 954
*  Ho t  i n c l u b e d  i n  a v e r a g e s  2  T o t a l  c o l o r  c o m p a r e d  t o  g l u c o s e  s t a n d a r d s
1 T h e  v a l u e  f o r  c r e a t i n e  i s  t h e  c o m b i n e d  v a l u e  o f  c r e a t i n e  a n d  c r e a t i n i n e .
(TABLE I I  CONTINUED)
D a t e Hen
No*
U r i n a r y  N i t r o g e n  E x c r e t i o n  i n  Mg m s ,  
T o t a l  Ur i c  Am m o n i a  Ur e a  
Ac i d
P e r c e n t a g e
C r e a t i n e ^  C o m p o s i t i o n  o f  U r i n a r y  N i t r o g e n  
U r i c  Ammonia U r e a  C r e a t i n e " !  
  Ac id _____________ _________________
Mg m s
U n -  An t h r o n e ^  
k n ow n  Gl u c o s e
1 0 / 2 5 1 1 6 8 . 8 8 5 . 9 3 . 6 1 2 . 8 2 1 . 7 4 4 . 8 2 . 1 7 . 6 1 2 . 8 33 5 3 9
1 0 / 2 5 2 2 2 6 . 8 1 1 6 . 9 1 1 . 7 2 0 . 8 1 3 . 7 5 2 . 0 5 . 2 9 . 2 6 . 0 2 7 3 5 2
1 0 / 2 5 3 2 3 1 . 6 4 . 0 1 3 . 1 1 1 . 7 1 9 . 4 4 4 . 9 5 . 7 5 . 1 8 . 4 3 6 3 7 4
1 0 / 2 5 4 5 4 4 . 6 1 5 8 . 0 4 6 . 9 6 1 . 5 23.6 29 .0 8 . 6 1 1 . 3 4 . 3 4 7 1 0 1 3
1 0 / 2 5 5 2 8 2 . 8 5 7 . 5 7 2 . 3 1 5 . 8 1 4 . 9 2 0 . 3 2 5 . 6 5 . 6 5 . 3 4 3 3 1 9
Av e r a g e 2 9 0 . 9 8 2 . 4 2 9 . 5 2 4 . 5 1 8 . 7 3 8 . 2 9 . 4 7 . 8 7 . 4 3 7 5 1 9
1 0 / 2 6 1 2 4 3 . 3 1 1 5 . 6 5 5 . 2 1 7 . 5 1 5 . 8 4 5 . 9 2 2 . 7 7 . 2 6 . 5 16 504 1
1 0 / 2 6 2 2 1 8 . 4 1 - 0 3 . 5 2 6 . 9 1 4 . 5 1 8 . 1 4 7 . 4 1 2 . 3 6 . 6 8 . 6 2-5 4 8 4
1 0 / 2 6 3 2 3 6 . 5 1 3 1 . 6 3 1 . 5 1 3 . 5 1 7 . 2 5 5 . 6 1 3 . 3 5 . 7 7 . 3 1 8 8 5 8
1 0 / 2 6 4 2 8 5 . 2 1 7 9 . 6 • 6 . 4 2 1 . 0 ' 2 6 . 4 6 3 . 0 2 . 2 7 . 4 9 . 3 1 8 3 3 0
1 0 / 2 6 5 1 9 5 . 3 6 1 . 2 5 8 . 7 1 3 . 3 1 9 . 5 3 1 . 3 3 0 . 1 6 . 8 1 0 . 0 21 5 2 3
Av e r a g e 2 3 5 . 7 1 1 8 . 3 3 5 . 7 1 5 . 8 1 9 . 4 4 8 . 6 1 6 . 1 6 . 5 8 . 3 2 0 1 1 4 7
1 0 / 2 7 1 2 1 1 . 7 5 9 . 0 4 2 . 8 2 0 . 0 2 0 . 3 2 7 , 9 2 0 . 2 9 . 4 9 . 6 3 3 1 0 7 7 31 0 / 2 7 2 1 7 3 . 6 9 7 . 2 1 8 . 8 2 . 4 1 6 . 0 5 6 . 0 1 0 . 8 1 . 4 9 . 2 2 3 2 7 5
1 0 / 2 7 3 225.2 1 1 2 . 3 2 5 . 3 9 . 8 2 1 . 6 4 9 . 9 1 1 . 2 4 . 4 1 0 . 0 2 5 9 9 51 0 / 2 7 4 3 2 3 . 3 2 4 3 . 2 1 3 . 8 3 . 2 2 3 . 9 7 5 . 2 4 . 3 1 . 0 7 . 4 1 2 3 1 91 0 / 2 7 5 1 3 3 . 7 5 9 . 9 6 . 5 7 . 3 1 3 . 0 4 4 . 5 4 . 9 5 . 5 9 . 7 3 5 2 8 8 4
Av e r a g e 2 1 3 . 5 1 1 4 . 3 2 1 . 4 8 . 5 1 9 . 0 5 0 . 7 1 0 . 3 4 . 3 9 . 2 2 6 3 0 4 9
1 T h e  v a l u e  f o r  c r e a t i n e  i s  t h e  c o m b i n e d  v a l u e  o f  c r e a t i n e  a n d  c r e a t i n i n e
2  T o t a l  c o l o r  c o m p a r e d  t o  g l u c o s e  s t a n d a r d s
(TABLE I I  CONTINUED)
D a t e He n
N o .
Ur i n a r y
T o t a l
N i t r o g e n  E x c r e t i o n  
U r  1c Ammonia  
A c i d
i n  Mg m s .  
Ur e a Cr e a t i n e 1
P e r c e n t a g e  
Co m p o s i t i o n  o f  Ur i n a r y  
Ur i c  Am m o n i a  Ur e a  
Ac i d
N i t r o g e n
Cr e a t i n e 1 Un ­
k nown
MGh
An t h f
Gl u c c
1 0 / 2 8 1 164.6 8 2 . 1 10.8 2 . 5 1 6 . 3 5 0 . 0 6 .6 1 . 5 9 . 9 2 8 1 1 5 6
1 0 / 2 8 2 220.8 1 0 2 . 7 2 5 . 0 6 . 5 1 3 . 7 4 6 . 5 1 1 . 3 2 . 9 6.2 3 3 242
1 0 / 2 8 3 2 2 6 . 1 9 7 . 2 7 9 . 7 7 . 8 1 9 . 9 4 2 . 9 3 5 . 2 3 . 4 8.8 9 1 4 7 5
1 0 / 2 8 4 1 7 9 . 1 100.0 1 4 * 4 7 . 2 11.2 5 5 . 8 8 .0 4 . 0 6 . 3 2 6 2 8 6
1 0 / 2 8 5 109.2 4 1 . 7 5 . 0 2 . 5 11.6 38.2 4 . 6 2 . 3 10.6 4 4 638
Av e r a g e 1 8 0 . 0 8 4 . 7 2 7 . 0 5 . 3 1 4 . 5 4 6 . 7 1 3 . 1 2 .8 8 .4 2 8 7 5 9
1 0 / 2 9 1 1 6 8 . 3 3 6 . 9 9 . 5 2 .6 1 3 . 0 2 1 . 9 5 . 6 1 . 5 7 . 7 6 3 4 4 0
10/29 2 1 8 5 . 7 25.8 18.6 4 . 2 11o8 1 3 . 9 10.0 2 . 3 6 . 3 6 7 5 3 6
1 0 / 2 9 3 1 9 0 . 1 2 4 . 9 2 9 . 1 7 . 1 1 5 . 6 1 3 . 9 1 5 . 3 3 . 7 8.2 60 462
1 0 / 2 9 4 1 7 2 . 9 3 9 . 7 9 . 1 8 .6 10.2 2 2 . 9 5 . 3 4 . 9 5 . 9 61 591
1 0 / 2 9 5 2 1 0 . 9 9 . 7 60.4 1 2 . 5 2 0 . 9 4 . 5 2 8 . 6 5 . 9 9 . 9 51 1 1 1 4
Av e r a g e 185.6 2 7 . 4 2 5 . 3 7 . 0 U . 3 1 3 . 4 13.0 3 . 6 7 . 6 60 6 2 9
10/30 1 209.2 7 0 . 5 5 4 . 1 12.4 1 9 . 2 3 3 . 7 2 5 . 9 5 . 9 9 . 2 2 5 242
10/30 2 232.8 6 5 . 5 3 6 . 7 7 . 5 1 5 . 3 2 8 . 1 1 5 . 8 3 . 2  • 6 .6 46 1 9 3
10/30 3 285.6 87.6 4 4 . 5 6 . 3 24.0 3 0 . 7 1 5 . 6 2 .2 8 .4 4 3 1 6 5
1 0 / 3 0 4 1 8 9 . 1 4 5 . 5 3 3 . 3 4 . 9 1 1 . 2 2 4 . 1 1 7 . 6 2 . 6 5 . 9 5 0 1 8 7
1 0 / 3 0 5 3 1 8 . 2 1 0 7 . 4 9 6 . 9 1 5 . 0 2 7 . 9 3 3 . 8 3 0 . 5 4 . 7 8 . 8 2 3 2 61
Av e r a g e 24.6.8 7 5 . 3 5 3 . 1 9 . 2 1 9 . 5 3 0 . 1 2 1 . 1 3 . 7 7 . 8 3 7 2 1 0
1 T h e  v a l u e  f o r  c r e a t i n e  i s  t h e  c o m b i n e d  v a l u e  o f  c r e a t i n e  a n d  c r e a t i n i n e
2  T o t a l  c o l o r  c o m p a r e d  t o  g l u c o s e  s t a n d a r d s
APPENDIX SECTION I I
DILUTION TECHNIQUES AND METHODS 
OF ANALYSIS OF CHICKEN URINE
90
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D i l u t i o n  T e c h n i q u e s
T h e  u r i n e  o f  t h e  c h i c k e n  c o n t a i n s  v a r i o u s  p r e c i p i t a t e s ,  t h e  c h i e f
ONE BEING URIC A C I D .  I n  ORDER TO OBTAIN A UNIFORM SAMPLE I T  WAS FOUND 
NECESSARY TO REDUCE THE S I Z E  OF THE GRANULAR P R E C I P I T A T E  TO A SUSPENDABLE 
S I Z E  AND YET HAVE A MINIM UM  OF FOAM. ThE  EQUIPMENT WHICH ACCOMPLISHED 
T H I S  BEST WAS A SERVALL O M N I - M I X E R  ( I VAN SORVAL, I N C . ,  NORWALK, CoNN^ .
THE C H I LL E D  URINE SAMPLE WAS BLENDED AT MAXIMUM R . P . M .  FOR ABOUT 10 M I N U T E S ,  
WAS THEN DRAINED INTO A WIDE MOUTHED 1 6  OUNCE BOTTLE AND PLACED IN A FREEZER  
TO COOL AND ALLOW THE FOAM TO S E T T L E .  The  URINE WAS REMOVED FROM THE 
FREEZER BEFORE ACTUALLY FREEZING AND TRANSFERRED TO AN EIG HT OUNCE POLY­
ETHYLENE BOTTLE FOR F R E E Z I N G .  IMMEDIATELY AFTER TRANSFER TO THE POLYETHYLENE  
BOTTLES,  DUP LICATE F I V E  OR 10 ML. SAMPLES WERE TAKEN FOR THE DETERMINATION  
OF TOTAL NITROGEN BY THE KjELDAHL METHOD; THE REMAINDER WAS FROZEN AND STORED 
AT -4 0 °  C. JUST PRIOR TO THE DET ERMINATION OF THE UF; I NARY NITROGEN COMPONENTS 
THE URINE S WERE PRETHAWED IN A COLD ROOM ( 5 °  + 3 °  C . ) FOR 24 HOURS AND THEN 
COMPLETELY THAWED AT ROOM TEMPERATURE IN THE DRAFT OF A WINDOW FAN FOR A 
PE R IO D  OF TWO TO THREE HOURS. TEN ML.  SAMPLES WERE TAKEN FOR ALL THE 
DETERMINATIONS IMMEDIATELY AFTER THE URINES HAD THAWED AND THE URINES WERE 
THEN RETURNED TO THE FREEZER,  THE SAMPLES WHICH WERE NOT TO BE ANALYZED WERE 
KEPT FROZEN U N T I L  THEY WERE USED.  I n  T H I S  MANNER THE URINES WERE THAWED 
FEWER T I M E S .
F O L I N  OSTWALD P I P E T T E S  WERE FOUND TO BE SUPERIOR FOR THE SAMPLING OF 
CHICKEN U R I N E .  THE V A R IA T IO N  BETWEEN DUP LICATE KjELDAHL SAMPLES WAS GREATLY 
REDUCED WHEN SEROLOGICAL P I P E T T E S  WERE REPLACED WITH F o L l N  OSTWALD P I P E T T E S ,
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STANDARD TRANSFER P I P E T T E S  WERE FOUND TO BE IMPR A CT IC AL  BECAUSE THE 
P R E C I P I T A T E  CLOGGED THE O P E N I N G .
A l l  D I L U T I O N S  WERE MADE FROM 10 M L .  SAMPLES TO REDUCE ANY SAMPLING  
ERROR WHICH MIGHT BE CAUSED BY THE P R E C I P I T A T E  PR E S EN T.  DUE TO THE LARGE 
I N I T I A L  SAMPLES,  1:10 D I L U T I O N S  WERE MADE IN  100 M L .  S .T .G .S .  PYREX  
VOLUMETRIC F LA SK S .
I n THE D ET E R M IN A T IO N  OF AMMONIA,  UREA,  AND AMINO ACI D NITROGEN 0 . 5  M L .  
OR 1 . 0  M L .  ALIQUOTS OF U ND IL UT ED  U R I N E  WERE USED.  THESE WERE TAKEN WITH  
0 . 5  OR 1 . 0  M L .  F O L I N  OSTWALD P I P E T T E S .  ! t  WAS B E L IE V E D  THAT THE ERROR IN  
SAMPLING DUE TO THE P R E C I P I T A T E  WAS GREATLY REDUCED IN  T H I S  INSTANCE  
BECAUSE THESE COMPONENTS WERE IN  S OL UT IO N  IN  THE PRESENCE OF THE BORATE 
P R E S E R V A T I V E .
U r i c  a c i d  w a s  d e t e r m i n e d  o n  a  1 : 1 0 0 0  d i l u t i o n  o f  u r i n e  w h i c h  i n v o l v e d
THE D I S S O L V I N G  OF THE U R I C  A C I D .  CARBOHYDRATE AND C RE ATI NE WERE RUN ON A 
1:100  D I L U T I O N  OF U R I N E .
THE DETERMINATION OF URIC ACID IN CHICKEN URINE
Pr i n c i p l e
T h e  m e t h o d  i s  b a s e d  o n  t h e  s e l e c t i v e  d e s t r u c t i o n  o f  u r i c  a c i d  by  
u r i c a s e .  R e a d i n g s  a r e  t a k e n  on a s p e c t r o p h o t o m e t e r  a t  292 t o  295 m mu
BEFORE AND AFTER THE DE STRU CT IO N  OF THE U R I C  ACI D AND THE REDUCTION IN  
ABSORPTION IS  CALCULATED AS U R I C  A C I D .
Ap p a r a t u s  R e q u i r e d
A Be chm an  m o d e l  D.U. s p e c t r o p h o t o m e t e r  e q u i p p e d  w i t h  an u l t r a - v i o l e t
ACCESSORY U N I T  AND A SEROLOGICAL WATER BATH.
INT RO DU CT IO N
A c c o r d i n g  t o  S t i m s o n  a n d  R e u t e r  (1 9 43 ) t h e  p u r i n e s  h a v e  d i f f e r e n t
ABSORPTION PEAKS IN  THE NEAR U L T R A V I O L E T  DUE TO THE HYDROXY GROUPS ATTACHED  
TO THE CARBONS ADJACENT TO THE NITROGEN  ATOMS. S O L U T I O N S  OF THE THREE  
P U R I N E S ;  H Y P O X A N T H IN E ,  X A N T H I N E ,  AND U R I C  A C I D ;  S H I F T  T H E I R  ABSORPTION  
MA XIM S TOWARD THE LONGER WAVE LENGTHS AS THE SO L U T I O N  BECOMES MORE A L K A L I N E .
U r i c  a c i d  e x h i b i t s  a ma xi mu m a b s o r p t i o n  a t  2 9 2  m i l l i m i c r o n s  f r o m  p H 7  t o  
p H 1 1 .  A b o v e  p H 7 x a n t h i n e  w i l l  i n t e r f e r e  w i t h  u r i c  a c i d  d e t e r m i n a t i o n  
b e c a u s e  t h e  a b s o r b a n c e  s p e c t r u m s  o v e r l a p  a n d  t h e  b a n d w i d t h  o f  t h e  i n s t r u ­
m e n t  ALLOWS S U F F I C I E N T  L I G H T  PASSAGE AT SHORTER WAVELENGTH,  THE REGION IN  
WHICH X A N T H I N E  E X H i B i T S  MORE A B S OR PTI ON .
T h e  w o r k  o f  P r a e t o r i n s  ( 1 9 4 8 )  a n d  C a n l l a k i s  a n d  Co h n  ( 1 9 5 5 )  w a s
USED AS A B A S IS  FOR T H I S  METHOD AND ADA PTA TIONS  WERE MADE TO S U I T  THE 
P E C U L I A R  PROBLEMS FOUND IN  ANALYZING CHICK EN U R I N E .
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P r o c e d u r e
T e n  m l .  s a m p l e s  of  u r i n e  w e r e  q u a n t i t a t i v e l y  t r a n s f e r r e d  t o  a 1 0 0 0
M L . ,  PYREX,  S .T .G .S . ,  VOLUMETRIC FLASK.  F l F T Y  MLS. OF HOT L I T H I U M  BORATE 
SOLUTION WERE THEN ADDED AND THE FLASK WAS GENTLY AGITATED TO DISSOLVE THE 
GRANULAR M A T ER IA L .  ( IN MANY URINES THAT HAVE BEEN ANALYZED THERE WAS MUCH 
P R E C I P I T A T E ,  OF UNDETERMINED O R I G I N ,  WHICH IS  INSOLUBLE IN ALKALI BUT 
SOLUBLE IN TRICHLOROACETIC A C I D . )  AFTER S I T T I N G  ABOUT F I V E  MINUTES THE 
URINE IS  DIL UT ED  TO 1 0 0 0  ML,  WITH D I S T I L L E D  H2 0  AND THOROUGHLY MIXED BY 
IN V E R S IO N .  An ALIQUOT OF 1 0  ML.  OF THE D IL U T E D  URINE WAS TRANSFERRED TO 
A 1 0 0  ML.  VOLUMETRIC FLASK, MADE UP TO VOLUME WITH D I S T I L L E D  WATER, AND AN 
ALIQUOT TRANSFERRED TO A PHOTOMETER CEL L.  THE ABSORBANCE WAS DETERMINED  
AT A WAVE LENGTH OF 2 9 2  M MU USING A REAGENT BLANK TO SET THE ZERO 
ABSORBANCE. A STANDARD VMS PREPARED BY SU B STITU TIN G A URIC ACID SOLUTION  
( 5  MG. PER M L . )  FOR THE URINE SAMPLE IN THE OR IG IN A L  SOLUTI ON.
A URICASE TREATED SAMPLE, TO DETERMINE EXTRANEOUS ABSORPTION WAS 
PREPARED AND ALLOWED TO INCUBATE WHILE THE TOTAL ABSORPTION WAS BEING 
DETERMINED. To F IV E  ML.  OF THE F IN AL  URINE D I L U T I O N  IN A 2 0  X 2 0 0  MM. 
CULTURE TUBE WAS ADDED TWO ML.  OF URICASE SUSPENSION AND THREE ML.  OF 
0 . 2 6 7  MOLAR BORATE BUFFER. THE SOLUTION WAS MIXED BY ROTARY AGITATION AND 
INCUBATED IN A WATER BATH AT 4 0 °  C .  FOR TWO HOURS. THE ABSORBANCE WAS 
DETERMINED AS PREVIOUSLY USING THE SAME BLANK FOR A ZERO S E T T I N G .  A 
URICASE BLANK WAS PREPARED USING F I V E  ML.  OF THE OR IG IN A L  REAGENT BLANK 
INSTEAD OF THE D IL UT ED  SAMPLE OF URINE? THE STANDARDS WERE TREATED IN THE 
SAME MANNER. USUALLY THE URICASE TREATED SAMPLES ABSORBED VERY L I T T L E  
MORE L IG HT  THAN THE URICASE BLANK AND FOR T H I S  REASON THE CLEAR BLANK WAS
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USED TO ZERO THE INSTRUMENT. THE URICASE BLANK GAVE A CONSISTENT  
ABSORPTION OF 0 .2 1 6  +  0 .0 0 1  IN A S ER IES  OF SEVEN DETERMINATIONS IN ­
VOLVING 10 TO 15 SAMPLES.
T h e  CALCULATIONS OF URIC ACID CONCENTRATION WAS:
s " r  2 (E S  ~ E3) x  ^  ^  1000 = MG* UR,C ACIE> PER ML* ° F UR,NE
U =  A b s o r b a n c e  o f  Unknown
S =  A b s o r b a n c e  o f  S t a n d a r d
EU- A b s o r b a n c e  o f  Enzyme T r e a t e d  Unknown
ES= A b s o r b a n c e  o f  Enzyme T r e a t e d  S t a n d a r d
E&= A b s o r b a n c e  o f  Enzyme B l a n k
(S )=  C o n c e n t r a t i o n  o f  S t a n d a r d  i n  M c g .
D i s c u s s  i o n
Se v e r a l  m e t h o d s  o f  d e t e r m i n a t i o n  o f  u r i c  a c i d  w e r e  t r i e d  f o r  c h i c k e n  
u r i n e .  T he  p r o p o s e d  m e t h o d  a l o n e  g a v e  c o n s i s t e n t  r e s u l t s .  The  c o l o r i ­
m e t r i c  METHODS INVOLVING THE COMMON TUNGSTIC ACID REAGENTS GAVE MORE URIC  
ACID NITROGEN THAN THERE WAS TOTAL NITROGEN EXCRETED IN THE U R I N E .  THE 
USE OF CRUDE OX KIDNEY URICASE PREPARATIONS DECREASED T H I S  APPARENT URIC  
ACID LEVEL ONLY S L I G H T L Y .  EVIDENTLY THE CRUDE POWDER O X I D I Z E D  OTHER 
REDUCING SUBSTANCES PRESENT IN THE U R I N E .  S lNCE URICASE FORMS HYDROGEN 
PEROXIDE WHICH MIGHT ALSO O X I D I Z E  SOME OF THESE M A TER IA LS,  NO ATTEMPT WAS 
MADE TO ADAPT T H I S  METHOD FOR USE WITH ANY OF THE TUNGSTIC ACIDS REAGENTS.
P r o b a b l y  o n e  o f  t h e  m o s t  c r i t i c a l  s t e p s  i n v o l v e d  was  t h e  d i l u t i o n  of
THE U R I N E .  F o r  THIS  REASON LARGE VOLUMES OF SAMPLE AND DILUENT WERE USED.
T he  u r i c  a c i d  i n  c h i c k e n  u r i n e  b e g i n s  t o  p r e c i p i t a t e  i n  l a r g e  g r a n u l e s
VERY SOON AFTER THE URINE IS VOIDED AND EVEN WITH AN m0 m N I - M I  XER1* THE BEST 
THAT CAN BE EXPECTED IS A F I N E  GRANULAR D I S P E R S I O N .  T h e  AMOUNT OF L I T H I U M  
BORATE USED IN T H I S  D I L U T I O N  IS S U F F I C I E N T  TO DISSOLVE 1 0 0  MG. OF URIC ACID  
SO THERE IS A GREAT EXCESS FOR THE AMOUNT OF URIC ACID IN 10  ML.  OF CHICKEN
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URINE FROM A 24--HOUR COLLECTION WHICH HAS ALREADY BEEN ADJUSTED WITH  
WATER TO A TOTAL VOLUME OF 2 0 0  TO 2 5 0  ML.  ADJUSTMENT OF THE 2/V-HOUR 
SAMPLE TO A CONSTANT VOLUME WAS MADE BECAUSE IT  IS  D I F F I C U L T  TO OBTAIN  
GRADUATED GLASSWARE IN WHICH THE O R IG IN A L  UNDILUTED URINE VOLUME MAY BE 
DETERMINED WITH S U F F I C I E N T  ACCURACY. UNIFORM D I L U T I O N  ALSO F A C I L I T A T E S  
MACHINE CALCULATIONS.
F o r  r o u t i n e  a n a l y t i c a l  work  t h e  m o d e l  D . U .  s p e c t r o p h o t o m e t e r  i n  
T H I S  LABORATORY IS  EQUIPPED WITH A TEST TUBE ADAPTER. THE UR IC ACID  
ABSORPTIONS WERE DETERMINED IN 12  X 7 5  MM. PYREX CULTURE TUBES WHICH HAD 
PREVIOUSLY BEEN MATCHED AT 2-92 M I L L I M I C R O N S  USING A SOLUTION CONTAINING  
TWO GRAMS OF URIC ACID PER ML.  T H I S  SOLUTION REQUIRED A S L I T  OPENING  
OF . 5  M . M .  BUT S L I T  WIDTH D I D  NOT SEEM TO INTERFERE WITH THE S P E C I F I C I T Y  
OF THE METHOD.
THE DETERMINATION OF CREATINE AND CREATININE IN CHICKEN URINE
Re a g e n t s  R e q u i r e d
S o d i u m  H y d r o x i d e ,  0 . 7 5  n o r m a l
S o d i u m  Hy d r o x i d e ,  2 . 0  n o r m a l
N o t e :  B o t h  o f  t h e s e  may be o b t a i n e d  by  d i l u t i n g  a
1 0  PERCENT S O L U T IO N .
S o d i u m  P i c r a t e  Bu f f e r ,  1 1 . 7  p e r c e n t  p H 2 . 0  +  0 . 0 5  
Ap p a r a t u s  R e q u i r e d
Kl e t t  S u m m e r s o n  c o l o r i m e t e r  t u b e s  o r  t e s t  t u b e s  g r a d u a t e d  a t  1 0  ML.  
WHICH ARE MATCHED TO W I T H I N  +  0 . 0 0 1  OP TIC AL DENSITY U N I T S .
Beckman M o d e l  D .U . s p e c t r o p h o t o m e t e r  w i t h  t e s t  t u b e  a d a p t e r  o r  a
S I M I L A R  INSTRUMENT.
P r e p a r a t i o n  o f  R e a g e n t s
Re c r y s t a l l i z e d  p i c r i c  a c i d  ( B e n e d i c t .  1 9 2 9 ) .
1 0 0  g m s .  o f  p i c r i c  a c i d  a r e  d r i e d  f o r  s e v e r a l  h o u r s  a t  8 0  -  9 0 °  C .  T h e  
p i c r i c  a c i d  i s  d i s s o l v e d  w i t h  t h e  a i d  o f  h e a t  i n  1 5 0  ML,  OF g l a c i a l  a c e t i c
A C I D ,  AND HEATING CONTINUED U N T IL  THE MIXTURE B O I L S .  (THE MIXTURE SHOULD 
BE HEATED IN AN Er LENMEYER FLASK UPON AN ELECTRIC HOT P L A T E . )  POUR THE 
HOT SOLUTION UPON A FLUTED F I L T E R  CONTAINED IN A DRY FUNNEL WHICH HAS BEEN
PREVIOUSLY HEATED, AND COLLECT THE F I L T R A T E  IN A DRY BEAKER. COVER THE
BEAKER WITH A WAT CHGL ASS AND ALLOW TO STAND FOR SOME HOURS, OR OVERNIGHT
AT ROOM TEMPERATURE (NOT IN A R E F R IG E R A T O R ) .  A t  THE END OF T H I S  T IME  IF
P I C R I C  ACID HAS NOT CRY STA LLIZED  OUT,  S T I R  THE MIXTURE VIG OROUSLY,  OR 
BETTER,  SEED WITH A MINUTE CRYSTAL OF PURE P I C R I C  A C I D .  C R Y S T A L L I Z A T IO N
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WILL BEGIN AT ONCE AND 13 COMPLETE W I T H I N  TWO HOURS OR L ES S .  A t  THE 
END OF TWO HOURS., F I L T E R  WITH SUCTION ON A HARDENED F I L T E R  PAPER AND 
WASH WITH ABOUT 35 M L.  OF COLD GL ACIAL ACETIC A C I D .  SUCK AS FREE OF 
ACETIC ACID AS POSSIBLE AND DRV AT ABOUT 8 0  -  9 0 °  C .  WITH OCCASIONAL  
S T I R R I N G ,  U N T IL  THERE IS  NO ODOR OF ACETIC A C I D .  ALLOW AN AIR VENT IN  
THE OVEN.
S a t u r a t e d  p i c r i c  a c i d  
To 11 .7  GMS. P I C R I C  ACID IN a ONE L I T E R  VOLUMETRIC FLASK ADD B O IL I N G  
HOT D I S T I L L E D  WATER TO THE NECK OF THE FLASK.  SHAKE U NT IL  D IS SO LVE D .
S e t  a s i d e  t o  c o o l  and b r i n g  t o  v o l u m e  ( P e t e r s ,  1 9 4 . 2 ) .
T h e  p i c r i c  a c i d  m u s t  p a s s  t h e  f o l l o w i n g  t e s t  ( F o l i n  a n d  Do i s y ,  1 9 1 7 ) .
To 10 ML.  OF THE SATURATED P I C R I C  ACID SOLUTION (SEE ABOVE FOR P R E P A R A T I O N ) ,  
ADD 0 .5  ML.  OF 10 PERCENT SODIUM HYDROXIDE AND LET THE MIXTURE STAND 15 
M I N U T E S ,  The COLOR o f  THE ALKALINE PICRATE SOLUTION THUS MADE MUST NOT 
BE MORE THAN TWICE AS DEEP AS THE COLOR OF THE SATURATED P I C R I C  ACID  
SO LUT IO N .  IF  A DEEP COLOR DOES FORM |N ALKALINE SOL UT IO N ,  I M P U R I T I E S  ARE 
PRESENT WHICH FORM S U F F I C I E N T  COLOR TO INTERFERE WITH C R E A T I N I N E  DETERMI­
NATIONS (Fi ' IcCrudden an d  S a r g e n t ,  1916).
S o d i u m  p i c r a t e  s u f f e r  
One l i t e r  o f  t h e  1 . 1 7  p e r c e n t  p i c r i c  a c i d  s o l u t i o n  i s  a d j u s t e d  t o  pH 
2 .0  + 0 .05  BY THE A D D IT IO N  OF APPROXIMATELY 20 M L .  OF 2 hJ SODIUM HYDROXIDE.  
I t  i s  a d v i s a b l e  t o  c h e c k  t h e  pH o f  t h e  s o l u t i o n  a f t e r  s e v e r a l  h o u r s  b e c a u s e
THE FRESHLY PREPARED SOLUTION TENDS TO D R I F T  IN pH.
S o d i u m  h y d r o x i d e  s o l u t i o n  
1 0 0  GMS. OF C . P .  SODIUM HYDROXIDE PEL LE TS ARE DISSOLVED IN ONE L I T E R  OF 
WATER AND STORED IN A PYREX BOTTLE. To PREPARE 2  N NaOH D IL U T E  4-0 ML.  OF THE
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10 PERCENT NaOH TO 50 ML. WITH D I S T I L L E D  WATER. To PREPARE 0 .7 5  N 
S O L U T I O N ,  D I L U T E  300 M L.  OF THE 10 PERCENT NaOH TO ONE L I T E R .
Cr e a t i n i n e  s t a n d a r d  
Al t h o u g h  c r e a t i n i n e  m a y  b e  o b t a i n e d  i n  a h i g h l y  p u r e  f o r m ,  t h e  p u r e s t
STANDARDS MAY BE PREPARED -ROM C R E A T I N I N E  Z I N C  C H L O R ID E .
W e i g h  o u t  2 .1 6 6 0  g m s .  o f  c r e a t i n i n e  z i n c  c h l o r i d e ,  p l a c e  i n  a 
500 M L.  VOLUMETRIC FLASK AND MAKE UP TO VOLUME WITH 0 ,1  M H C l. THIS 
STOCK STANDARD SHOULD BE KEPT IN REFRIGERATOR? I T  CONTAINS ONE MG. OF 
C R E A T I N I N E  NITROGEN OR 3 .201  MG. OF C R E A T I N I N E  PER M L .  AND I S  STABLE FOR 
MONTHS IN THE REFR IGER AT OR .
VJq r k i n g  s t a n d a r d s
T h e  w o r k i n g  s t a n d a r d s  a r e  p r e p a r e d  by d i l u t i n g  t h e  s t o c k  s t a n d a r d  a t  t h e  
T IM E  OF U S E .  T h e  m e t h o d  i s  e x t r e m e l y  s e n s i t i v e  w i t h  a r a n g e  o f  ONE TO 
20 GAMMAS OF GREAT i rl INE PER ML. OF D I L U T E D  STANDARD. ALL SAMPLES SHOULD 
BE D I L U T E D  IN SUCH A MANNER AS TO H E  IN  T H I S  RANGE. WORKING STANDARDS 
ARE NOT STA BLE .
P r o c e d u r e
Gr e a t  i n i n e
U s i n g  a F o l i n - O s t w a l d  p i p e t t e  t r a n s f e r  1 0  m l .  o f  f r e s h l y  b l e n d e d  u r i n e  
TO A 15 M L .  CENTRIFUGE TUBE .  ADD 1 M L .  OF 30 PERCENT TRICH LOR OA CE TIC  
A C I D  AND CENTRIFUGE FOR 10 M IN U TES  AT 1500 R . P . M .  POUR THE SUPERNATANT  
INTO ONE L I T E R  VOLUMETRIC FLA SK ,  F I L L  THE FLASK TO VOLUME WI TH  WATER AND 
M I X  BY I N V E R S I O N .
P i p e t t e  5 m l .  o f  t h e  d i l u t e d  u r i n e  i n t o  t e s t  t u b e s  g r a d u a t e d  a t  10 m l .  
( I n t h i s  l a b o r a t o r y  K l e t t  S um me rso n c o l o r i m e t e r  t u b e s  w e r e  u s e d . )  T o  t h e
SAMPLE IN THE TEST TUBE ADD TWO M L .  OF P IC R A T E  BUFFER FOLLOWED BY TWO M L .
1 0 0
Of  0 . 7 5  SODIUM HYDROXIDE.  A SYRINGE p i p e t t e  m a y  be  u s e d  t o  s p e e d  u p  
THE D E T E R M IN A T IO N .  D IL U T E  TO 1 0  ML .  IM M E D I A T E LY ,  M I X  WELL, AND ALLOW 
TO STAND 3 0  MINUTES AT ROOM TEMPERATURE FOR THE COLOR TO DEVELOP.  THE 
OP TIC AL  DEN SIT Y  IS THEN DETERMINED ON THE BECKMAN MODEL D . U .  SPECTRO­
PHOTOMETER AT A WAVE LENGTH OF 4-95 M I L L I M I C R O N S  AND A S L I T  OPENING OF
0 . 0 3  M . M .
T h e  b l a n k  i s  p r e p a r e d  by  s u b s t i t u t i n g  w a t e r  f o r  t h e  d i l u t e d  u r i n e .
A STANDARD OF CONVENIENT D I L U T I O N  SHOULD BE PREPARED AND RUN THROUGH THE 
PROCEDURE WITH THE SAMPLES. I n T H I S  LABORATORY THE READINGS WERE MADE IN  
THE TUBES USING A BECKMAN MODEL D . U .  SPECTROPHOTOMETER EQUIPPED WITH A TEST 
TUBE ADAPTER. T H I S  WAS FOUND TO BE A HIGHLY SATISFACTORY ARRANGEMENT 
ALLOWING ABOUT 3 0  OR 4 0  DETERMINATIONS PER HOUR WITH L I T T L E  OR NO S A C R I F I C E  
OF ACCURACY.
Cr eatine
F or  t h e  c r e a t i n e  d e t e r m i n a t i o n  t h e  s a m p l e  a n d  p i c r a t e  b u f f e r  are  a d d e d
TO THE GRADUATED TUBES AS FOR THE C R EA TIN IN E  D E T E R M IN A T IO N ,  THEN THE TUBES 
ARE EIT HE R  AUTOCLAVED FOR 4 5  MINUTES AT 2 0  LBS .  PRESSURE OR ARE PLACED IN  
A VIGOROUSLY B O IL I N G  WATER BATH FOR TWO HOURS. The  TUBES ARE THEN ALLOWED 
TO COOL TO ROOM TEMPERATURE AND THE VOLUME IS  ADJUSTED TO ABOUT 5 ML.  WITH
w a t e r .  Af t e r  t h e  v o l u m e  h a s  b e e n  a d j u s t e d ,  a d d  2  m l .  o f  0 , 7 5  N s o d i u m  
HYDROXIDE AND THEN D IL U T E  TO 1 0  ML.  WITH WATER. ALLOW TO STAND 3 0  MINUTES  
AND DETERMINE THE ABSORBANCE AS WITH C R E A T I N I N E .
Discuss i o n
I T  WAS FOUND IN T H I S  LABORATORY THAT THE COLOR PRODUCED BY C R E A T I N I N E  
FOLLOWED THE BEER-L.AMBERT LAW IN THAT PORTION OF THE SPECTRUM BETWEEN 4 8 0
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AND 5 1 0  M I L L I M I C R O N S  WHEN THE CONCENTRATIONS OF C R E A T I N I N E  RANGES FROM 
ONE TO 20 MICROGRAMS PER ML. OF SAMPLE.
P r o b a b l y  t h e  f i r s t  p r e r e q u i s i t e  f o r  s u c c e s s  w i t h  t h i s  m e t h o d  i s  
THE PROPER P U R I F I C A T I O N  OF THE P I C R I C  A C I D .  THE 1 0  PERCENT SODIUM  
HYDROXIDE WAS USED BECAUSE I T  WAS DES IRABLE TO USE THE SAME SODIUM  
HYDROXIDE FOR ALL THE DETERM INAT IONS  INVOLVED IN THE EX P E R I M E N T .  ONE 
PAR TICULAR PROBLEM IN THE CREATINE DE TE RM IN AT IO N  WAS THE PRESENCE OF 
"HOT SPOTS"9 IN  THE GAS HEATED WATER BATH.  FOR T H I S  REASON A COVERED,  
E LEC TR IC A LL Y  HEATED BATH IS  RECOMMENDED IF  AN AUTOCLAVE IS  NOT A VA IL A B L E .
THE DETERMINATION OF AMMONIA AND UREA 
NITROGEN IN CHICKEN URINE1
P r o c e d u r e  f o r  Am m o n i a  
Ae r a t i o n  Me t h o d  ( V an S l y k e  a n d  Cu l l e n ,  Mo d i f i e d ) : P r i n c i p l e .
The u r i n e  i s  t r e a t e d  w i t h  a s a t u r a t e d  p o t a s s i u m  c a r b o n a t e  s o l u t i o n ,
AND THE L IB E R A TE D  AMMONIA IS  TRANSFERRED BY AERATION INTO AN A CI D  R E C E I V I N G  
S O L U T I O N ,  WHERE I T  IS  THEN DET ERMINED BY T I T R A T I O N .  I n  THE O R I G I N A L  PRO­
CEDURE,  THE AMMONIA I S  AERATED INTO 0 .0 2  N AC ID WHICH I S  THEN B A C K - T I T R A T E D  
W IT H  0 .0 2  N A L K A L I .  IN THE M O D I F I C A T I O N  D ESC RIB ED  H ERE ,  0 . 5  PERCENT ( v / v )  
S U L F U R IC  ACI D IS  USED TO REC EIV E THE AMMONIA AND IS THEN D I R E C T L Y  N E S S L E R I Z E D .
Ap p a r a t u s  R e q u i r e d
Be ckman  M o d e l  D.U. s p e c t r o p h o t o m e t e r  o r  o t h e r  p h o t o e l e c t r i c  i n s t r u m e n t .  
A e r a t i o n  a p p a r a t u s  -  T h e  a p p a r a t u s  u s e d  f o r  t h e  w o r k  r e p o r t e d  i n  t h i s  
d i s s e r t a t i o n  was  made i n  s u c h  a m a n n e r  t h a t  24 d e t e r m i n a t i o n s  c o u l d  be made  
s i m u l t a n e o u s l y .  T h e  24. SETS o f  a e r a t i o n  t u b e s  w e r e  h o o k e d  i n  p a r a l l e l  t o  
t w o  m a n i f o l d s .  ( S e e  F i g u r e s  M-?1 an d  I I - 2 . )  E a c h  a e r a t i o n  t r a i n  h a d  1 rs  
o w n  c l a m p  f o r  a d j u s t i n g  a i r  f l o w .  T h e  r e c e i v i n g  t u b e s  w e r e  a e r a t e d  t h r o u g h  
GAS D I F F U S I N G  TUBES (C.G. No. 39533).  T h E D I F F U S I N G  TUBES CAUSE SMALLER  
BUBBLES TO BE FORMED WHICH SHOULD ALLOW A BETTER ABSORPTION OF THE AMMONIA 
BY THE A C I D .
1 As ADAPTED FROM HAWK ET. AL.  ( 1 9 5 4 )
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R e a g e n t s  R e q u i r e d
5 0  PERCENT PO TAS SIU M CARBONATE 
0 . 5  PERCENT ( v / v )  SULPHU RIC  ACI D  
N e s s l e r ' s  r e a g e n t  ( K o c h  a n d  M c M e e k i n )
P r o c e d u r e
Me a s u r e  0 . 5  t o  1 . 0  m l .  of  u n d i l u t e d  u r i n e  i n t o  o n e  o f  t h e  t w o  l a r g e
TEST TUBES USED IN  AN AERATION T R A I N  AMD CONNECT T H I S  TUBE FOR A E R A T I O N ,
AS SHOWN IN THE I L L U S T R A T I O N S ,  WITH A SECOND TUBE C O N T A I N I N G  1 5  M L .  OF 
THE 0 . 5  PERCENT S U L F U R I C  A C I D .  PT T H I S  T IM E  A BLANK IS  PREPARED BY SUB­
S T I T U T I N G  WATER FOR THE ALIQUOT OF U R I N E .  Add A DROP OF C A P R Y L IC  ALCOHOL 
TO EACH TU3E TO M I N I M I Z E  FO A M IN G .  VJHEN REA DY,  REMOVE THE STOPPER OF THE 
TUBE C O N TA IN IN G  THE U R I N E  AND ADD 5 M L .  OF 5 0  PERCENT PO TA SS IU M  CARBONATE
s o l u t i o n .  R e p l a c e  t h e  s t o p p e r  t i g h t l y  a n d  s t a r t  t h e  a i r  c u r r e n t  ( p r e s s u r e
OR S U C T I O N ;  THE INCOMING A IR  MUST BE WASHED BY P R E L I M I N A R Y  PASSAGE THROUGH 
A WASH-BOTTLE C O N T A I N I N G  D I L U T  ( 1 ; 1 0 )  S U L F U R I C  A C I D  TO REMOVE ANY AMMONIA
p r e s e n t ) .  T h e  a i r  CURRENT s h o u l d  b e  r u n  s l o w l y  f o r  t h e  F I R S T  t w o  m i n u t e s ,
AND THEN INCREASED TO AERATE AS FAST AS THE APPARATUS W IL L  STA ND.  AERATION  
I S  C ON TINUE D U N T I L  ALL THE AMMONIA HAS BEEN D R I V E N  OVE R;  T H I S  MAY TAKE FROM 
F I V E  TO 3 0  M I N U T E S ,  D EP END ING  UPON THE APP ARATUS,  AND THE T IM E  REQ UIRE D  
SHOULD BE E S T A B L IS H E D  BY T R I A L .
.Wh e n  a e r a t i o n  i s  c o m p l e t e ,  r e m o v e  t h e  t u b e  c o n t a i n i n g  t h e  s u l f u r i c  a c i d ,
R I N S I N G  DOWN THE IN L ET  TUBE IN THE P RO CE SS,  AND TRANSFER THE CONTENTS TO A 
5 0  M L .  VOLUMETRIC F L A S K .  Add 2 5  M L .  OF WATER FOLLOWED BY . 5  M L .  OF N E S S L E R ’ S 
REA GENT.  D I L U T E  THE FLASK TO VOLUME W IT H  WATER AND M I X  BY I N V E R S I O N .
D e t e r m i n e  t h e  a b s o r b a n c e  i n  a p h o t o m e t e r  a t  a w a v e  l e n g t h  o f  4 8 0  m i l l i m i c r o n s .  
S e t  t h e  p h o t o m e t e r  t o  z e r o  a b s o r b a n c e  w i t h  t h e  r e a g e n t  b l a n k .  S t a n d a r d
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SOLUTIONS CONTAINING 0 . 2  TO 0 . 5  MG. OF AMMONIA NITROGEN ARE RUN AT THE 
SAME T IM E  AS THE URINE SAMPLES.
P r o c e d u r e  f o r  Ur e a
P r i n c IPLE
T h e  u r i n e  s a m p l e  i s  t r e a t e d  w i t h  u r e a s e , a n d  t h e  a m m o n i a  f o r m e d  i s  
AERATED INTO 0 . 5  PERCENT ( v / v )  SULFURIC A C I D ,  WHICH IS THEN DIRECTLY  
Ne s s l e r i z e d .
Ap p a r a t u s  R e q u i r e d
Beckman M o d e l  D .U . s p e c t r o p h o t o m e t e r  o r  o t h e r  p h o t o e l e c t r i c  i n s t r u m e n t .  
A e r a t i o n  a p p a r a t u s  d e s c r i b e d  f o r  t h e  ammonia d e t e r m i n a t i o n .
R e a g e n t s  R e q u i r e d
5 0  PERCENT POTASSIUM CARBONATE
0.5  p e r c e n t  ( v / v )  s u l f u r i c  a c i d  
N e s s l e r ’ s r e a g e n t  (K o c h  and M c M e e k i n )
P h o s p h a t e  Bu f f e r  S o l u t i o n  -  S i x  g m s .  o f  a c i d  p o t a s s i u m  p h o s p h a t e
( K h ^ P O ^ )  AND 5 GMS OF D IS OD IU M PHOSPHATE (NAgHPO^.  I 2H2O)  ARE DISSOLVED IN  
WATER AND MADE UP TO ONE L I T E R .
U r e a s e  S u s p e n s i o n  -  T h e  w o r k i n g  s u s p e n s i o n  was made b y  d i l u t i n g  10 m l .  
OF A CONCENTRATED UREASE PREPARATION TO 5 0  ML.  WITH PHOSPHATE BUFFER. THE 
CONCENTRATED s u s p e n s i o n  was made as  f o l l o w s :
Gl y c e r o l  E x t r a c t  (K o c h ) -  Pl a c e  3 7 . 5  g m .  o f  P e r m u t i t  i n  a 
L I T E R  FLA SK .  ADD 5 0 0  ML.  OF TWO PERCENT ACETIC A C I D .  SHAKE WELL.
P o u r  o f f  t h e  l i q u i d .  Wa s h  t h e  P e r m u t i t  i n  t h e  f l a s k  w i t h  t wo  3 0 0  m l .
PORTIONS OF D I S T I L L E D  WATER, DECANTING OFF THE L I Q U I D  EACH T I M E .  ADD 
7 5  GM. OF JACKBEAN MEAL TO THE PERMUTIT  IN THE FLAS K.  ADD 1 2 5  ML.  OF 
0 . 0 0 1  N SULFURIC A CI D  AND SHAKE GENTLY AT TEN MINUTE INTERVALS OVER
FIGURE 11-1




CLOSE-UP VIEW OF AERATION APPARATUS 
SHOWING CONSTRUCTION DETAILS
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THE COURSE OF AN HOUR. ADD 3 7 5  M L .  OF REAGENT GRADE G L Y C E R IN .
Mix w e l l .  F i l t e r  t h r o u g h  a  f l u t e d  f i l t e r  p a p e r  i n t o  an  a m b e r
b o t t l e .  T h i s  p r e p a r a t i o n  i s  s t a b l e  f o r  a y e a r  at  fi oom  t e m p e r a t u r e  
a n d  w i l l  k e e p  i n d e f i n i t e l y  i n  t h e  r e f r i g e r a t o r .
T h e  p r e p a r a t i o n  u s e d  i n  t h i s  l a b o r a t o r y  was made by s u b s t i t u t i n g  25 g m s .
OF A COMMERCIAL UREASE POWDER (S lG MA  CHEMICAL C o ., S i .  L .O UI S,  Mo . )  FOR 
THE JACKBEAN MEAL.  THE RESULTING PRODUCT HAD A HIGH A C T I V I T Y  AND GAVE 
A VERY LOW BLANK.
P r o c e d u r e
Me a s u r e  0 . 1  t o  1 . 0  m l .  o f  u r i n e  i n t o  a l a r g e  t e s t  t u b e  s u i t a b l e  f o r
A ER A TIO N ,  ADD 1 DROP OF CAPRYLIC ALCOHOL (TO PREVENT F R O T H I N G ) ,  AND 1 ML.
OF D I L U T E  ENZYME S O L U T I O N .  CLOSE THE TUBE WITH A RUBBER STOPPER AND LET  
THE TUBE STAND 1 5  MINUTES FOR THE ENZYME TO ACT. A BLANK IS  PREPARED WITH
EACH SET OF URI NE SAMPLES.  MEASURE INTO A SECOND S I M I L A R  TUBE 15  M L .  OF
0 . 5  PERCENT H2SO4 .  Add 1 DROP OF CAPRYLIC ALCOHOL AND CONNECT THE TUBE 
FOR AERATION WITH WASHED A IR  BY E IT H E R  PRESSURE OR S U C T I O N .  At THE END 
OF 1 5  M INUT ES OPEN THE TUBE CON TA IN IN G THE SAMPLE AND INTRODUCE 5 ML.  OF 
5 0  PERCENT POTASSIUM CARBONATE. PLACE THE TUBE ON THE AERATION TR A IN  AT 
ONCE AND AERATE U N T I L  ALL THE AMMONIA HAS BEEN CARRIED OVER INTO THE ACID  
IN THE R E C E I V E R .  ThlE T IM E  NEEDED FOR THE AERATION VAR IE S  FOR D I F F E R E N T  
PUMPS FROM 5 TO 3 0  M I N U T E S ,  AND SHOULD BE DETERMINED BY T R I A L  FOR THE 
PARTICULAR APPARATUS USED.  At THE END OF THE T IM E  NEEDED FOR THE A ERATI ON,  
THE PUMP IS DISCONNECTED (CARE BEING TAKEN TO AVOID BACK S U C T IO N )  AND THE 
A CID  IN THE R EC EIV ER  I S  TRANSFERRED TO A 5 0  M L .  VOLUMETRIC FLA SK .  I t  IS
THEN TREATED IN  THE SAME MANNER AS WAS DONE IN THE AMMONIA D E T E R M I N A T I O N .
\
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D i s c u s s i o n
T h e  m e t h o d  w o r k s  v e r y  w e l l  w i t h  c h i c k e n  u r i n e .  An y o n e  u s i n g  t h i s
METHOD SHOULD ADJUST THE VOLUME OF THE ALIQUOT OF URI NE IN ORDER TO 
PREVENT P R E C I P I T A T I O N  IN  THE N E S S L E R I Z I N G  PROCEDURE, WHICH HAPPENS 
WHEN TOO MUCH AMMONIA IS  PRE SEN T.  THE BLANKS WERE VERY LOW WHEN THE 
A IR  FLOW THROUGH THE TRAINS  WAS PROPERLY ADJUSTED AND WHEN THE BUBBLES 
WERE WASHED CAREFULLY AFTER EACH D E T E R M IN A T IO N .
P r e s s u r e ,  r a t h e r  t h a n  v a c u u m  w as  u s e d  f o r  a e r a t i o n  b e c a u s e  t h e  
PRESSURE CLEANED ALL L I Q U I D  OUT OF THE BUBBLES WHEN THE TUBES WERE REMOVED.  
T h e  R E C E I V I N G  TUBES WERE ALWAYS REMOVED F I R S T .
T h i s  m e t h o d  was  c h o s e n  b e c a u s e  t h e r e  i s  l e s s  d o u b t  t h a t  t h e  f i n a l
RESULT IS  DUE TO THE PRESENCE OF UREA AND AMMONIA.
\
THE DETERMINATION OF CARBOHYDRATE IN CHICKEN URINE2
P r i n c i p l e
T h e  s a m p l e  i s  t r e a t e d  w i t h  c o n c e n t r a t e d  s u l f u r i c  a c i d  a n d  a
SOLUTION OF ANTHRONE IN ETHYL ACETATE. T h e  CARBOHYDRATES DEVELOP A 
CH A RA CT ERI ST IC  GREEN COLOR AND CARBOHYDRATE CONCENTRATION IS  ESTIMATED  
PHO TOMETRICALLY.
A p p a r a t u s  R e q u i r e d
A Beckman M o d e l  D . U .  s p e c t r o p h o t o m e t e r  o r  a c o m p a r a b l e  p h o t o e l e c t r i c
INSTRUMENT.
R e a g e n t  Re q u i r e d
Co n c e n t r a t e d  s u l f u r i c  a c i d .
2 PERCENT SOLUTION OF ANTHRONE IN  REAGENT GRADE OR C .P . ETHYL ACETATE.
P r o c e d u r e
To 2 ML.  OF t h e  c a r b o h y d r a t e  s o l u t i o n  ( c o n t a i n i n g  am amount  o f  
c a r b o h y d r a t e  t h a t  w i l l  g i v e  a c o l o r  i n t e n s i t y  i n  t h e  r a n g e  g i v e n  by 0  AND 
8 0  m i c r o g r a m s  o f  g l u c o s e )  i n  a 19 X 150 mm. t e s t  t u b e  i s  ad de d  0 ,5  m l .  o f
A SOLUTION OF 2  PERCENT ANTHRONE ( R E C R YS T A L L IZ E D  FROM BENZENE AND L I G H T  
PETROLEUM ETHER)  IN REAGENT GRADE OR C . P .  ETHYL ACETATE. THEN 5 ML.  OF 
CONCENTRATED SUL FUR IC  ACID ARE CAREFULLY LAYERED INTO THE TUBE.  THE TUBE 
I S  GENTLY SWIRLED U N T I L  THE ETHYL ACETATE HAS HYDROLYZED, AS IN D IC A T E D  BY 
THE FLOC OF ANTHRONE WHICH APPEARS. MORE R A P ID  S W IR LI N G  THEN THOROUGHLY 
M IX E S  THE CONTENTS OF THE TUBE AND D IS SO LVE S  THE ANTHRONE. THE DEVELOPED  
COLOR MAY BE READ AFTER 1 0  MINUTES AT 6 2 0  M I L L I M I C R O N S  IN A SPECTROPHOTOMETER 
AGAINST D I S T I L L E D  WATER AND CORRECTED FOR THE ABSORPTION OF A BLANK C O N TA IN IN G
O
Ad a p t e d  f r o m  t h e  m e t h o d  o f  Lo e w u s  ( 1 9 5 2 )
1 0 8
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ONLY THE REAGENTS AND WATER,
A PLOT OF THE O P T IC A L  D E N S I T Y  AGAINST THE WEIGHT OF GLUCOSE IN  
THE SAMPLE G I V E S  A S T R A I G H T - L I N E  R E L A T I O N S H IP  FROM 0 - 8 0  MICBOGRAMS.
THE ACETIC  A CI D  AND ETHYL ALCOHOL PRODUCED BY THE HYDROLYSIS OF THE 
ETHYL ACETATE DO NOT INTERFERE WITH THE REACTION iN ANY WAY, THE ETHYL  
ACETATE SOLUTION OF ANTHRONE WIL L KEEP SEVERAL WEEKS WHEN STORED IN AN 
AM3ER GLASS-STOPPERED BOTTLE,  TH U S,  THE TROUBLESOME DEVELOPMENT OF 
COLOR IN  THE SUL FUR IC  AC ID-ANTHRONE REAGENT EMPLOYED IN EA R L IE R  PRO­
CEDURES IS AVO IDED.
Discuss i o n
Th e  PROPER D I L U T I O N  OF URI NE WAS FOUND TO BE 1 : 1 0 0  FOR T H I S  
D ET E RM IN AT IO N  AND ALIQUOTS OF THE SAME D I L U T E D  SAMPLE WAS USED FOR THE 
CARBOHYDRATE D ET E RM IN AT IO N  AND THE CREATINE D E T E R M IN A T IO N .  THE REACTION  
WAS CARRIED OUT IN BLOOD SUGAR TUBES AND THE COLORED MATER IAL  WAS THEN 
TRANSFERRED TO « L £ T T  SuMERSON COLORIMETER TUBES FOR THE DETER M IN AT IO N  
OF THE ABSORBANCY.
T h e  v a l u e s  w e r e  e x p r e s s e d  as  e q u i v a l e n t s  o f  m i l l i g r a m s  o f  g l u c o s e
STANDARDS.  THE METHOD GAVE VERY UNIFORM RE S U LT S.  THE C O E F F I C I E N T  OF 
V A R I A T I O N  OF 3 0  SETS OF DUP LICATE  D ET ERM INA TIO NS ON URINE SAMPLES WAS 
0 . 5  PERCEN T.
THE DETERMINATION OF AMINO ACID  NITROGEN IN CHICKEN URINE 
P R I N C I P L E
T h e  u r i n e s  a r e  d e s a l t e d  on  a n  io n - e x c h a n g e  c o l u m n  t o  r e m o v e  a m m o n i a ,
UREA,  AND OTHER COMPOUNDS, WHICH REACT WITH  N I N H Y D R I N ,  AND THE AM I MO ACI D
NITROGEN IS  DET ER M IN ED  ON THE ELU ATE .
A p p a r a t u s  Re q u i r e d
Beckman M o d e l  D . U .  s p e c t r o p h o t o m e t e r  o r  a c o m p a r a b l e  i n s t r u m e n t .
S t e a m  b a t h  o r  f o r c e d  d r a f t  o v e n .
C o n s t a n t  b o i l i n g ,  e l e c t r i c  w a t e r  b a t h .
R e a g e n t s  R e q u i r e d
2 N HYDROCHLORIC A CI D  
2 N SODIUM HYDROXIDE
4  N ACE TIC  A CI D
0 .2  PERCENT N I N H Y D R I N  IN 95 PERCENT ETHANOL 
0 .3  PERCENT D I S O D I U M  EDTA BUFFER pH 
P r o c e d u r e
T h e  u r e a ,  a m m o n i a ,  a n d  v a r i o u s  c a t i o n s  a r e  r e m o v e d  b y  t h e  m e t h o d  o f  
Aw a p a r a  a n d  S a t o  ( 1 9 5 6 ) .  T h e  u r i n e s  a r e  d e c o l o r i z e d  b y  a d d i n g  0 . 5  o f
CHARCOAL TO 5 M L .  OF U RI NE J  TWO TO F I V E  DROPS OF CHLOROFORM ARE THEN ADDED 
TO THE M I X T U R E .  T he  CHLOROFORM IS  NECESSARY TO PREVENT ABSORPTION OF 
T Y R O S I N E ,  PHE N YLA LANINE AND TYPTOPHAN BY THE CHARCOAL. AFTER M I X I N G  WELL 
THE M IX TU RE  I S  WARMED ON A STEAM BATH FOR F I V E  M IN U T ES  AND THEN F I L T E R E D .
T h e  f i l t r a t e  i s  u s u a l l y  a c l e a r  f l u i d  w i t h  a  y e l l o w  c a s t .
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Five m l .  o f  t h e  c h a r g o a l  t r e a t e d  u r i n e  are  c o n c e n t r a t e d  i n  a s t e a m
BATH OR FORCED DRAFT OVEN SET 6 0 °  C .  TO ABOUT ONE M L .  (THE VOL .  NEED NOT 
be e x a c t ) .  O f t e n  some i n s o l u b l e  p a r t i c l e s  w i l l  a p p e a r  u po n  c o n c e n t r a t i o n .  
The c o n c e n t r a t e d  u r i n e  i s  now r e a d y  t o  be d e - s a l t e d .  Dowex - 2  r e s i n  
(200 -  4.00 mesh )  i s  p u r i f i e d  by s u s p e n d i n g  t h e  r e s i n  in  2!\! HC1 and h e a t i n g  
THE SUSPENSION IN  A STEAM BATH FOR TWO HOURS. THE R ES IN  IS  F IL T E R E D  THROUGH 
a B u c h n e r  f u n n e l  and w a s h e d  u n t i l  n e u t r a l .  A l a r g e  q u a n t i t y  can be p r e p a r e d  
AT ONE T IME AND STORED IN THE CHLORIDE FORM. PRI OR  TO U SE ,  A QUANTITY OF 
THE R E S IN  IS CONVERTED TO THE HYDROXIDE FORM. T H I S  IS  E A S IL Y  DONE BY 
SUSPENDING THE R E S IN  IN WARM 2N NaOH FOR ABOUT 3 0  M I N U T E S ,  THE RES IN  IS  
F IL T E R E D  AND WASHED THOROUGHLY WITH COLD, BOILED D I S T I L L E D  WATER U N T I L  THE 
WASHING IS NEUTRAL. THE COLUMNS ARE PREPARED BY SUSPENDING THE RESINS  
(ONE PART R ES IN  TO THREE PARTS WATER) IN BOILED D I S T I L L E D  WATER AND POURING  
A CERTAIN AMOUNT OF THE SUSPENSION IN THE COLUMN ( 1 3  X 1 C M . ) .  R ES IN  IS 
ADDED OR TAKEN FROM THE COLUMN U N T I L  THE R ES IN  BED IS 3 CM. LONG. THE 
R ES IN  IS  WASHED ONCE WITH WATER. A SMALL PAD OF COTTON WOOL IS PLACED ON 
TOP OF THE R ES IN  BED. THE CONCENTRATED URINE I S . TRANSFERRED WITH A LONG 
T I P  M E D IC IN E  DROPPER TO THE TOP OF THE R ES IN  BED, THE CONTAINER IS RINSED  
WITH 0 . $  ML.  OF WATER AND THE WASHINGS TRANSFERRED TO THE COLUMN. WHEN 
ALL THE URINE HAS ENTERED THE R ESIN BED, WASHING IS  STARTED.  THE WASHING,  
WITH B O IL E D ,  COLD D I S T I L L E D  WATER, IS  CONTINUED U N T I L  THE F I L T R A T E ,  WHICH  
IS AT F I R S T  STRONGLY B A S I C ,  BECOMES NEUTRAL.  The  ELUTION OF AMINO ACIDS  
IS  ACCOMPLISHED BY THE USE OF 4  N ACETIC A C I D .  AciD IS  ADDED TO THE 
COLUMN U N T I L  1 0  ML.  OF ELUATE HAVE BEEN COLLECTED. THE ELUATE IS  EVAPORATED 
TO DRYNESS IN THE STEAM BATH OR FORCED DRAFT OVEN ( 6 0 °  C . )  AND THE RESIDUE
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TAKEN UP IN 5 M L .  WATER. THE pH OF T H I S  SOLUTION SHOULD BE ABOUT FOUR 
TO F I V E .  I f  I T  IS  MORE A C I D ,  THE EVAPORATION SHOULD BE REPEATED AND THE 
RESIDUE TAKEN UP IN 5 M L,  WATER.
T h e  AMINO ACID  NITROGEN CONCENTRATION IS  DETERMINED BY THE METHOD OF 
MEYER (1957 ).  TO 0.1 ML.  OF THE ELUATE IN A P L A S T I C  CAPPED CULTURE TUBE 
IS  ADDED 0 .2  M L .  OF 0 .3  PERCENT EDTA BUFFER AND 4 M L.  OF 0 .2  PERCENT 
N I N H Y D R IN  IN ETHANOL.  THE TUBES ARE T I G H T L Y  CAPPED AND PLACED IN  A 
VIGOROUSLY B O I L I N G  WATER BATH FOR 2 5  M I N U T E S .  THE TUBES ARE THEN REMOVED 
AND ALLOWED TO COOL TO ROOM TEMPERATURE. AFTER COOLING THE COLORED SOLUTIONS  
ARE TRANSFERRED TO A PHOTOMETER TUBE AND THE ABSORBANCE DETERMINED AT 
5 7 6  M I L L I M I C R O N S  USING A REAGENT BLANK TO ZERO THE INSTRUMENT*
Th e  a b s o r b a n c y  i s  c o m p a r e d  t o  t h a t  o f  a s t a n d a r d  c o n t a i n i n g  f r o m  0 . 6
TO 60 MCGS. OF AMINO ACI D NITROGEN PER M L .  M I X E D  STANDARDS CON TA IN IN G  
G L Y C I N E ,  A L A N I N E ,  C Y S T I N E ,  M E T H I O N I N E ,  L Y S I N E  AND A R G IN IN E  WERE MADE UP 
ON AN EQUAL NITROGEN BASIS AND USED IN T H I S  LABORATORY.
P lS C U S S I G N
THE D E - S A L T I N G  TECHNIQUE WAS T IM E  CONSUMING AND THE N IN H Y D R I N  REACTION  
WAS SOMEWHAT D I F F I C U L T  TO MASTER. THE D E - S A L T I N G  WAS NECESSARY BECAUSE THE 
AMMONIA AND UREA IN THE CHICKEN UR IN ES GAVE A GREAT DEAL OF COLOR WITH  
N I N H Y D R I N .  THE N IN H Y D R IN  TECHNIQUE D I D  NOT G I V E  CONSISTENT RESULTS U N T I L  
THE EDTA HAD BEEN RECHRYSTALL I ZED FROM VI ATE R AND THE 95' PERCENT ETHANOL 
HAD BEEN R E D I S T I L L E D  OVER POTASSIUM H YD RO X ID E.
T h e  a m i n o  a c i d  n i t r o g e n  c o n c e n t r a t i o n  i n  c h i c k e n  u r i n e  w a s  f o u n d  t o  be
VERY SMALL AND THE METHOD IS VERY S E N S I T I V E .  T H I S  SEEMED TO BE A VERY 
USEFUL C O M B IN AT IO N .
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